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On the Production of High-Purity Docosahexaenoic Acid from Heterotrophic
Microalgae
Abstract
Omega-3 fatty acids provide significant health benefits and are a popular nutritional supplement in the
nutraceuticals industry. Omega-3 fatty acids such as docosahexaenoic Acid (DHA) and eicosapentaenoic
Acid (EPA) have been reported to improve heart health and mental health. In addition, DHA consumption
has been tied to improvements in infant cognitive development. Therefore, high-purity DHA is a desired
ingredient in the production of infant formula. The omega-3 oils originating from fish tend to have
carcinogenic risks in addition to a bad odor. In recent years, the industry trend has shifted to producing
these omega-3 fatty acids via microalgae species– making it a profitable time to enter the DHA
production market.
The proposed design is for a plant to cultivate the Schizochytrium cells in the upstream process, and then
extract and purify the desired omega-3 fatty acid oils in the downstream process. The project proposal
called for production of 881,800 lb DHA per year, but our plant has the capacity to produce 1,148,000 lb
DHA per year at a competitive price of $362.90 per lb of DHA. Clinton, Iowa was chosen as the plant
location due to its proximity to the Mississippi River and the Archer Daniels Midland (ADM) plant, allowing
for direct access to water and waste disposal. Our process is estimated to have an IRR of 153.8% with a
NPV of $775,600,000 and a ROI of 206.5%.
The process itself begins with fermentation of the microalgae cells, starting with lab-scale fermentors,
increasing in size to seed fermentors, and finally scaling up to production fermentor size. Schizochytrium
sp. is the strain of heterotrophic microalgae, chosen for its ability to accumulate lipids in high
concentration, and its ability to produce DHA triglyceride in high selectivity with respect to other omega-3
fatty acids. Following fermentation, extraction operations are carried out with a hexane solvent and bead
mill to extract the crude oils. The hexane is then evaporated and recycled back to the bead mill. The
purification process of the crude oil involves saponification of the triglycerides into fatty acid salts. Acetic
acid is then added to convert the salts into the final docosahexaenoic acid product. The saponification
and protonation reactions take place in Scheibel columns. The final DHA product is 98% pure by mass,
and will be sent to a pack out station to be packaged into pharmaceutical grade drums for customers.
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University of Pennsylvania
Department of Chemical and Biomolecular Engineering
220 South 33rd Street
Philadelphia, PA 19104
April 18, 2017
Dear Prof. Patel, Prof. Seider, and Prof. Vrana,
Herein contains the solution to the design problem presented by Dr. Richard Bockrath.
The proposed process design is for the industrial production of omega-3 fatty acids from the
heterotrophic microalgae Schizochytrium sp. S31. The microalgae undergo aerobic fermentation in
fermentors, which are successively scaled-up to production fermentor volumes. After twenty
hours within the production fermentors, the nitrogen source is completely depleted. The
Schizochytrium shift to a metabolic pathway that induces lipid accumulation. After lipid
production, the cells are transferred to the downstream processes of extraction and purification.
For extraction, water is removed and hexane is added. The hexane-biomass slurry runs through
a bead mill to extract the crude oils from the biomass. A flash evaporator and wiped film
evaporator system are used to evaporate the hexane and recycle it back into the bead mill process.
The crude oil runs through two Scheibel columns, converting the triglyceride to the fatty acid
product. Finally, the high-purity DHA will be filtered through a lamella filter to remove residual
moisture. Antioxidants will be introduced for product stability, and the DHA will be packaged
into pharmaceutical-grade drums for shipment.
This report contains the detailed process design, economic analysis, conclusions, and
recommendations for the implementation of the plant. The proposed plant is found to not only
be economically feasible but also quite profitable. The calculated internal rate of return (IRR) is
found to be 153.8%, and the net present value is found to be $775,600,000. At the price of $362.80
per pound of DHA, we anticipate a 206.5% return on investment (ROI) by its third year of
production.
Thank you for all the assistance provided to us during this project.

Sincerely,

Andrew Zhu

Lea Nowack

Min Young Jeong
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The photograph was taken in 1906.
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ABSTRACT
Omega-3 fatty acids provide significant health benefits and are a popular nutritional

supplement in the nutraceuticals industry. Omega-3 fatty acids such as docosahexaenoic Acid
(DHA) and eicosapentaenoic Acid (EPA) have been reported to improve heart health and mental
health. In addition, DHA consumption has been tied to improvements in infant cognitive
development. Therefore, high-purity DHA is a desired ingredient in the production of infant
formula. The omega-3 oils originating from fish tend to have carcinogenic risks in addition to a
bad odor. In recent years, the industry trend has shifted to producing these omega-3 fatty acids
via microalgae species– making it a profitable time to enter the DHA production market.
The proposed design is for a plant to cultivate the Schizochytrium cells in the upstream
process, and then extract and purify the desired omega-3 fatty acid oils in the downstream
process. The project proposal called for production of 881,800 lb DHA per year, but our plant has
the capacity to produce 1,148,000 lb DHA per year at a competitive price of $362.90 per lb of DHA.
Clinton, Iowa was chosen as the plant location due to its proximity to the Mississippi River and
the Archer Daniels Midland (ADM) plant, allowing for direct access to water and waste disposal.
Our process is estimated to have an IRR of 153.8% with a NPV of $775,600,000 and a ROI of 206.5%.
The process itself begins with fermentation of the microalgae cells, starting with lab-scale
fermentors, increasing in size to seed fermentors, and finally scaling up to production fermentor
size. Schizochytrium sp. is the strain of heterotrophic microalgae, chosen for its ability to
accumulate lipids in high concentration, and its ability to produce DHA triglyceride in high
selectivity with respect to other omega-3 fatty acids. Following fermentation, extraction
operations are carried out with a hexane solvent and bead mill to extract the crude oils. The
1

hexane is then evaporated and recycled back to the bead mill. The purification process of the
crude oil involves saponification of the triglycerides into fatty acid salts. Acetic acid is then added
to convert the salts into the final docosahexaenoic acid product. The saponification and
protonation reactions take place in Scheibel columns. The final DHA product is 98% pure by mass,
and will be sent to a pack out station to be packaged into pharmaceutical grade drums for
customers.
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2.

INTRODUCTION
With the known health benefits in heart health, immune function, mental health, and

infant cognitive development, the omega-3 market is expected to expand around the world.
Furthermore, the consumers are demanding omega-3 product of higher purity instead of the
traditional fish oil omega-3 product, which has a few other negative side effects including an
increased risk for bioaccumulation of carcinogens and a bad fish odor (Oligae, 2013). Major
competitors in the omega-3 industry include DSM/Martek, which was one of the first major
companies to produce omega-3 eicosapentaeonic acid (EPA). Since then, different strains of
microalgae were studied to find the organisms with the capability to produce DHA and EPA in
high yield.
The project aims to design a commercial process for production of omega-3 fatty acids,
specifically DHA (docosahexaenoic acid) from the microalgae strain Schizochytrium sp.S231. Per
the guidelines of the project statement, the facility is expected to meet 400 metric ton per year
(881,800 lb/yr) production capacity at a market price of $800/kg, or $382.80/lb.
The upstream process begins with Schizochytrium cells in an inoculum. Then, the inoculum
is transferred to a 300 mL Erlenmeyer flask, the smallest of the five sizes of pre-seed/seed
fermentors. Scaling up fermenters allows the microalgae to reproduce to its carrying capacity,
before diluting to a larger vessel. The upstream process involves two distinct phases: the cell
growth phase, which occurs in the seed fermentors, and the lipid accumulate phase, which occurs
in the production fermentors. After transfer to the 280,000 L (9,888 ft3) production fermentor, the
Schizochytrium experience a depletion in nitrogenous nutrients, leading to cellular stress and a
switch into docosahexaenoic oil production.

3

After fermentation, the cells are then moved to the downstream process for extraction
and purification. A disc-stack centrifuge removes most of the water from the broth, and the
resulting slurry is dried of all moisture via the spray dryer. The biomass is mixed with a hexane
solvent and mechanically crushed via a bead mill. Then, the crude oil is purified with sodium
hydroxide and acetic acid to produce the fatty acid product. The product, consisting of 98% pure
DHA, passes through a Lamella filter to remove all water. An antioxidant is added in to aid in
product stability. The final product is then packaged in pharmaceutical grade drums to be
shipped to buyers.
The proposed plant will be based in Clinton, Iowa, and the process will produce about
1,148,000 lb per year of DHA omega-3 fatty acids. This location was chosen due to its proximity
to the Mississippi River to ease the transportation of the equipment and the products. In addition,
the food industry giant Archer Daniels Midland (ADM) is located nearby, providing waste
disposal options at reduced cost.
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3.

OBJECTIVE TIME CHART

PROJECT NAME

On the Production of High- Purity Docosahexaenoic Acid from
Heterotrophic Microalgae

PROJECT CHAMPIONS Dr. Richard Bockrath, Prof. Amish Patel, Prof. Bruce Vrana
PROJECT LEADERS

Andrew Zhu, Lea Nowack, Min Young Jeong

SPECIFIC GOALS

To develop a plant that will grow microalgae cells as well as extract and
purify the oils into DHA product to be sold to infant formula
manufacturers

PROJECT SCOPE

In scope:
Lab-scale cell growth
Sterilization of fermentors between batches
Design of fed-batch fermentation process
Design of continuous extraction and purification process to
achieve 98% purity on a dry mass basis
Packaging of final product
Market and profitability analysis
Determination of plant location
Out of Scope:
Distribution of final product
Innovation Map
Customer Requirements
Critical-to-Quality (CTQ) Variables – Product Requirements
Product Concepts
Superior Product Concepts
Competitive Patent Analysis

DELIVERABLES

Business Opportunity Assessment
Market for product
Current competitors
Manufacturing Capability Assessment
Proposed plant profitability

TIMELINE

Complete design and economic analysis by April 18, 2017
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OBJECTIVE TIME CHART DISCUSSION
The goal of this project is to develop a plant that will first cultivate the microalgae cells in
fermenters. After reaching sufficient cell numbers, the Schizochytrum will be induced to produce
lipid triglycerides via nitrogen fermentation. In the downstream, extraction and purification
methods are used to prepare the high-purity DHA for bulk sale to infant formula manufacturers.
The scope of this project will cover both upstream and downstream processes. The first
focus is the upstream process. The upstream will cover the scaling from lab-scale to productionsized fermenters for growing cells. The second part of the project focuses on the downstream
methodologies. Specifically, the downstream will cover the designated extraction and
purification methods used to process the crude oil into high-purity DHA. This project also
discusses the unit processes, utilities, and raw materials that are needed. Therefore, presented at
the end of this document is the profitability summary and sensitivity analyses to describe the
economic feasibility and benefit of constructing such a plant.
The proposal was assigned in October 2016. The project leaders met weekly to discuss and
evaluate the progress with the project champions. Overall, the final design and analysis were
completed by April 2017.
Per discussion with Prof. Seider, the following Product Related Sections were removed
due to not being applicable to this project.
Innovation Map
Customer Requirements
Critical-to-Quality (CTQ) Variables – Product Requirements
Product Concepts
Superior Product Concepts
Competitive Patent Analysis
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INNOVATION MAP

Not Applicable: Per Prof. Seider, this section was not applicable to our design project and was
thus excluded.
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5.

MARKET AND COMPETITIVE ANALYSIS
The production and distribution of omega-3 fatty acids lies within the nutraceutical and

biotechnology industry (NAICS 325414). The global nutraceutical market in 2016 was $198.7
billion USD and is expected to reach $285 billion USD by 2021, according to a BCC Research report
compiled by analyst Natraj Pandal, who has more than 8 years of experience in business research
and market intelligence (Pandal, 2016). The compound annual growth rate is expressed as 7.5%
up until 2021. The rising healthcare costs of the past decade have been one of the factors
encouraging consumers to turn to supplements as a more affordable way to stay healthy. Another
one of the driving forces in the retail supplement market is increased usage of supplements by
the large population of aging Baby Boomers. The nutritional supplement industry has seen
impressive retail sales over the years, as can be seen in Table 5.1 (Deschamps, 2016).

Table 5.1: U.S. Retail Sales of Nutritional Supplements, 2012-2017 (in millions of
dollars). There is a noticeable increase in sales over the 6 year timespan.

Compared to the overall nutraceutical industry, the omega-3 poly unsaturated acid
market sector alone though is projected to have an annual growth rate of 12.8%. Furthermore, the
omega-3 ingredient market size is expected to be worth $3.79 billion USD by 2022 (Global Market
8
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Insights, 2016). This is no surprise due to the publicity around recent studies proving the health
benefits of omega-3 supplements. In addition, the latest health trend in promoting healthy oils
and fats has also pushed more people to actively seek out omega-3 fatty acid oils. Omega-3 fatty
acids are mainly composed of docosahexaenoic acid (DHA) and EPA. DHA is a primary
structural component in the brain along with having optimizing effects on cognitive, visual, and
heart function. DHA is not a new proponent in the omega -3 fatty acid market. However, it has
only been in the last 20 years that research on the industrial production of DHA from
heterotrophic microorganisms has become prominent (Aasen et al, 2016). Most of the omega-3
products come from fish oil. The fish oil omega-3 products, however, have disadvantages such
as a possible bioaccumulation of carcinogens and bad fish odor. Many consumers also favor plant
based alternatives – providing reasoning that they are believed to be healthier or safer options
(Montuori et al, 2012). Therefore, it’s currently a good opportunity to enter the existing omega-3
market since omega-3 oils such as DHA can be obtained from naturally occurring, sustainable
microalgal sources, as is covered in this project.

Figure 5.1: Omega-3 Global Market Share 2016. The largest players include
North America and the Asia-Pacific regions.
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The market is expected to continue grow worldwide in the next 5 years due to various
geographic reasons. In Europe, the favorable regulations on functional foods and infant formula
with omega-3 is incentivizing the market growth with a trend in functional food. Until 2022,
specifically the European omega-3 market is expected to grow with a compound annual rate of
14.5% (Hegde). In North America, which can be seen in Figure 5.1 as having the largest global
market share, technological advancements of omega-3 products by major chemical and
pharmaceutical industries will continue to increase revenues. In the Asia Pacific region, the
omega-3 production is expected to increase with a compound annual rate of 7.5% until in 2022,
as the demand for omega-3 infant formulation in China and India rises consistently (Grand View
Research).
The infant formula market plays a significant role in the consumption of DHA, as DHA is
one of the two significant nutrients included in essentially ever commercially viable infant
formula marketed in the United States due to its immense benefits. As its own category, infant
formula dominates the omega-3 product market, covering over 40% of the total market value, as
seen in Figure 5.2. The infant formula sector even leads over the nutritional supplements and
pharmaceuticals, which are the sectors consumers generally associate with omega-3 fatty acids
(Deschamps, 2016).

10

MARKET AND COMPETITIVE ANALYSIS

Figure 5.2: Market Value 2016. Infant formula is the largest sector with over
40% in market value, followed by food and beverages at about 30%.

DHA oil is used in infant formula for its benefits to optimize visual and cognitive growth
of babies. The components have a history of safe consumption due to the ingredients and raw
materials used having a food grade or higher quality. Infant formula manufacturers that are
registered with the FDA and are possible large buyers include Abbott Nutrition, Mean Johnson
Nutritionals, Nestle Infant Nutrition, Nutricia North America, PBM Nutritionals, and Prolacta
Bioscience (FDA, 2011). An example of their lines of products can be seen below in Figure 5.3.
These products cater to the growing demand of DHA by actively marketing its inclusion.

Figure 5.3: Example of infant formula
product on market. Nestle Infant
Nutrition is a major buyer of DHA to use
in their formulas. Major brands market
the labeling of DHA use to drive sales and
credibility for health benefits.

In the past twenty years, the increase in working mothers, birth rate, and technology have
driven the expansion of the infant formula market. The global market reached $24.5 billion USD
11
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in 2016, which was a growth of over 9% from the previous year. The market has been increasing
over the years and is predicted to continue to grow, particularly in China where there is a rise in
disposable income and urbanization (Watters et al, 2012).
Current major market players include Martek Biosciences Corporation of Royal DSM and
Cyanotech Corporation. Martek is a key competitor due to being a leader in the production of
DHA. It was established in 1985 in Delaware and officially acquired by OmegaTech in 2002 in a
stock for stock transaction. The resulting corporation from the acquisition was named Martek
Biosciences Boulder Corporation. As of 2010, the corporation has over 250 shareholders, yearly
income revenues of over 450 million, and a P/E ratio of 23.5 (“Martek Biosciences Corp.
(NMS:MATK)”, 2010). Martek’s specialties lie within the scope of large scale manufacturing of
DHA oil from microalgae cells. Martek has patented and is most commonly known for their use
of C.cohnii as their choice microorganism – many of such patents were referenced for design
research during this project (Martek Biosciences Corporation, 2010). Therefore, there is a lack of
Schizochytrium based fermentation operations in their scopes of production, so this project does
not compete directly with Martek.
Looking towards the future, a unique competitive obstacle to be aware of is the increase
in infant supplements. These infant supplements entered the mainstream market in 2015 and
differentiate themselves from traditional multivitamins. An example of such product is Zarbee’s
Naturals’ launch of infant supplements in 2015, displayed in Figure 5.4, which boast of being free
of artificial flavors, sweeteners, as well as being gluten free. Following this launch and its
popularity, about a year later Carlson Labs introduced a Baby DHA supplement and was such
followed by other companies creating similar products (Deschamps, 2016). The risk these infant
supplements pose to the current infant formula market is it might trigger a decline in the demand
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of purchasing infant formulas marketed with omega-3 fatty acids. Consumers could move
forward with the supplement trend and substitute that for the omega-3 enriched formulas.

Figure 5.4: Example product for growing submarket of infant supplements.
These new supplements for infants target different purposes such as immune
system support and probiotic intake. Many are now focusing on DHA
supplements due to the health benefits.

On the other hand, at the same time, the growing infant supplement market could prove
beneficial to projects like this one. The companies that produce these supplements market their
brands around being natural and from non-animal sources. Therefore, as the demand increases
for these supplements, these companies will increase their demand for sustainable, plant based
sources of DHA for their products. Docosahexaenoic acid is a great asset to a growing supplement
market as it is well suited for infant consumptions due to its high purity of DHA.
Overall, considering the increasing demand for omega-3s due to their health benefits that
are now popular knowledge, the need for DHA will continue to grow over the next few years.
And as the world moves towards favoring sustainable and what they consider healthy
alternatives, the push for plant-based DHA will increase. Therefore, this project has significant
economic potential for the coming years in not only the infant formula sector, but also in the
growing supplement sector.
13

6.

CUSTOMER REQUIREMENTS

Not Applicable: Per Prof. Seider, this section was not applicable to our design project and was
thus excluded. The topic of FDA food-grade regulations is covered in the Additional
Considerations Section of the report.

7.

CRITICAL-TO-QUALITY VARIABLES

Not Applicable: Per Prof. Seider, this section was not applicable to our design project and was
thus excluded.

8.

PRODUCT CONCEPTS & SUPERIOR PRODUCT CONCEPTS

Not Applicable: Per Prof. Seider, this section was not applicable to our design project and was
thus excluded.

9.

COMPETITIVE PATENT ANALYSIS

Not Applicable: Per Prof. Seider, this section was not applicable to our design project and was
thus excluded.
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10.

PRELIMINARY PROCESS SYNTHESIS

SELECTION OF ORGANISM
As with most fermentation processes, the choice of organism is of paramount importance.
In the DHA production industry, more than 20 years of research into marine, heterotrophic (no
light energy required) microorganisms have resulted in advances in strain selection and
optimization. Specifically, a class of microalgae called thraustochytrids elicited promising results
in the industrial production of omega-3 fatty acids Aasen et. al. explored the potential for
thraustochytrids as production organisms for squalene and carotenoids in addition to omega-3
fatty acid production, but for the scope of the project, only its potential for docosahexaenoic acid
production was examined (Aasen, et al., 2016).
In addition to the thraustochytrids, other candidates for production include the closely
related labyrinthulids microalgae class as well as the dinoflagellate Crypthecodinium cohnii, as
popularized by Martek. These three candidates produce omega-3 fatty acids as a major portion
of their storage lipids, but EPA and DPA naturally occur in the lipid membranes of many different
types of bacteria and microalgae microorganisms (Mühlroth , et al., 2013). Based on the literature
available, the choice of organism was narrowed down to Crypthecodinium cohnii and the
thraustochytrid species Schizochytrium. Of these two candidates, C. cohnii was the more obvious
choice, due to its current use in the omega-3 fatty acid industry by Martek. References to this
dinoflagellate organism appeared in many different patents from the company, including those
prepared by Kyle, Barclay, Behrens, and Gladue. Nevertheless, it was difficult to find papers that
gave yields of DHA using C. cohnii that would be compatible with our project target of 400 metric
tons DHA/year.
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Therefore, further research was conducted into the potential of Schizochytrium as our
organism of interest. Like C. cohnii, Schizochytrium is a heterotrophic microalgae species, capable
of thriving in absence of light. Upon discussion with industry consultants, this characteristic was
deemed to be very promising, reducing electricity and equipment costs. Furthermore, there
existed papers regarding strains of Schizochytrium which produced DHA triglycerides in high
yield, upwards of 20 g/L, or 0.062 lb/ft3 (Chang, et al., 2013). Additional papers gave important
parameters for the organism, including information concerning cell density, growth rate, and
media compositions (Chi, Liu, Frear, & Chen, 2009; Guo, et al., 2016). Given the high density
yields of Schizochytrium, as well as the information available in literature, it was decided to use
Schizochytrium as the organism of choice for the project.

A final tipping factor in the favor of
Schizochytrium was the present lack of
industrial fermentation processes involving
the microalgae, as opposed to the more
utilized C. cohnii. Therefore, there is much
more promise in attacking the DHA market
via a new species, rather than attack the
fortified hill that is Martek’s patented C. cohnii
fermentation process. Using Schizochytrium presented additional complications in that most
papers covering downstream purification technologies used C. cohnii as the test species, but the
paper authors believe that our development of a novel extraction and purification process for
Schizochytrium has been a worthwhile time investment, both in amount of information learned
and overall profitability.
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MEDIA SPECIFICATIONS
In general, fermentation media includes both carbon and nitrogen sources -essential
nutrients for the growth of the organism. One of the major decisions to make regarding the media
composition was usage of glucose versus glycerol for the carbon source. When C. cohnii was the
organism used, most papers and patents involved the use of glucose (United States of America
Patent No. US5130242 A, 1992; United States of America Patent No. US9249434 B2, 2016). After
transitioning to Schizochytrium, it was discovered that papers covering the organism used glycerol
as the carbon source. Glycerol provides a good alternative for glucose; it is a C3 substrate with a
formula of C3H8O2, approximately half that of glucose (C6H12O6). Therefore, its metabolism
closely models that of glucose: it uses the main glycolytic pathway and generates pyruvate after
conversion to 3-phosphoglycerol (Ratledge, 2004). In addition, the C3 glycerol substrate does not
require glyoxlate bypass enzymes. The pyruvate produced can be converted to acetyl-CoA and
oxaloacetate, and the latter of which is converted to malate. Malate is then used to generate
reducing equivalents of NADPH via the malic enzyme -the NADPH functions as an integral
reductant for fatty acid synthesis. A diagram for a possible pathway for DHA biosynthesis is
given in Figure 6.2, below. In terms of yield data, comparative yields for glucose and glycerol
were observed (Cohen & Ratledge, 2010). For the purposes of the project, it was suggested by Dr.
Bockrath to assume a 98% consumption of glycerol sources by the end of fermentation in the UPF-00X production fermentors to produce DHA triglycerides. Additionally, enzymes and
intermediates in the metabolic pathways, such as the malate/pyruvate ‘transhydrogenase’ cycle,
were presumed to be a part of the mass of the biomass at the end of fermentation. Detailed
calculations can be found in Appendix A-1 covering the upstream mass balances.
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An important consideration regarding glycerol as the carbon source is that it must be
relatively pure. Crude oil, commonly obtained from bio-diesel-derived sources, is unusable for
the purposes of the project. There exist many purities in crude glycerol, such as residual methanol
and fatty acid soups. The presence of methanol during the fermentation process would make the
resulting product unsafe for consumption; in addition, the fatty acid soups may contain waste
cooking oils with trace amounts of carcinogens -byproducts of the biodiesel production process.
It may be possible to remove these impurities in the downstream purification process, but this
would have added considerably to the costs of extraction and purification; the paper authors
decided that the better option was to find an alternative source of raw material, one that was of
greater purity. Details regarding this source as well as its prices are found in the Assembly of
Database section of the report.
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Optimal pH and temperature levels regarding DHA fermentation via Schizochytrium were
given in the papers consulted, at pH = 6.8 and 77ºF (Chang, et al., 2013; Chi, Liu, Frear, & Chen,
2009). Maintenance of pH was through buffering via trace amounts of acids and bases. The
specific media compositions were found to be different for the pre-seed/ seed fermentors and the
production fermentors, as given in the Chi et. al. and the Chang et. al. papers, respectively. Both
media formulations were composed of the same base glycerol carbon source, but the Chi et. al.
paper used corn steep solids while the Chang et. al. paper used yeast extract for the nitrogen
source.
While the media compositions were relatively standard in terms of fermentation
technology, one of the substances present in the media does require further explanation: sodium
chloride. From patents found involving C. cohnii, it was mentioned that at concentrations of
sodium chloride exceeding 1 g/L, or 0.063 lb/ft3, there were concerns of stress corrosion caused
by elevated levels of chloride ion (Cl-). The stress corrosion can even affect the integrity of highquality stainless steel 316. As it turns out, the pre-seed fermenters, seed fermenters, and
production fermenters involve levels of chloride above 0.063 lb/ft3. Upon discussion, Dr.
Bockrath mentioned that his company had a similar issue with chloride corrosion; nevertheless,
by lowering the temperature, his company was able to reduce the levels of stress corrosion to be
compatible with Engineering Contractor guidelines. Similarly, our process involves the use of
low temperature (77ºF) during fermentation. Therefore, we anticipate that 316 SS will be sufficient
for our fermentation purposes: this assumption will need to be experimentally confirmed via
corrosion coupon testing. In case that corrosion testing indicated that higher-grade material
should be used, alternative sources of construction material for the storage tanks and the
fermenters include monel and titanium-clad options; as found in the Product and Process Design
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textbook, these sources have a material cost factor of 2.7 and 3.0, roughly 129% and 143% that of
316 SS. Fermentor costs for monel and titanium-clad storage tanks can be found in the Appendix
A-34 covering the assumptions for equipment.
For the HTST skids, the media is heated to a temperature of 216 ºF for a period of 10
seconds. At these elevated temperatures, monel was necessary to prevent corrosion from Cl-.
Therefore, the HTST skids will be constructed of monel, as seen in Appendix A-37.
SIZING OF PRODUCTION FERMENTOR/ BATCH REQUIREMENTS
As the U-PF-00X production fermenters represented one of the largest capital costs in the
entire process, the project authors spent a considerable amount of time determining the optimal
size of the vessels to meet the project goal of a 400 metric ton (881,800 lb) DHA production rate
per year. After searching through numerous sources, a value of 21.26 g/L (1.33 lb/ft3) as found
via Chang et. al. Therefore, a total of 663,000 ft3 must be passed through the production fermentor.
The value given is the minimum volume as it represents a 100% efficiency of DHA extraction and
purification. Perfect efficiency is impossible, so a 40% loss in downstream operations was
assumed -the same figure as in Chapter 2 of the Product and Process Synthesis textbook.
Therefore, a total volume of 1,105,000 ft3 was required for reaching our project goals. In addition,
Chang. et. al. gave a fermentation time of 120 hours. Dr. Bockrath further prescribed a preliminary
turnaround time of 20 or so hours. Given an approximate minimum cycle time of 6 days, and
assuming 330 days of operation, a maximum total of 55 batches per year could be run from a
single production fermentor. For our purposes, we decided to use a planned total of 50 batches
per year to account for another 10% of unforeseen downtime. Using Dr. Bockrath’s industrial
heuristic of 2-4 production fermentors, we decided to choose a production schedule of 3 parallel
processes of fermentation, with each fermentation process running 50 batches per year. Given a
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total of 150 batches, the volume of a single batch in the production fermentor was calculated to
be 1,105,000/150 = 7,366 ft3. This value represents the broth volume. Assuming a vessel that was
approximately 70-75% full, we get a fermentor volume of 10,000 ft3, or 283,200 L.
To calculate costs of the fermentor vessels, it was necessary to determine their dimensions.
Fortunately, Benz gave a table of standard microbial fermentor sizes that included volume, height,
diameter of the vessel, and diameter of the agitator within. Via the table, a correlation for height
and diameter was developed using the desired fermentor volumes (Benz, Large Scale Microbial
Production of Advanced Biofuels: How Big Can We Go?, 2014). Using the table, the dimensions
of the production fermentor were determined to be 15.45 ft (diameter) x 52.8 ft (height). Upon
conversing with industrial consultants, an interesting point was brought up: typically, fermentors
are constructed at an external site and then transported to the plant. However, the limiting factor
in ground transportation is the height of the vessel: a flatbed truck can transport vessels no larger
than 14 feet in diameter. To bypass this issue, it was decided to locate the plant near a water
source so that transportation of the equipment would not be limited by vessel diameter. Further
details involving fermentation calculations and assumptions are found in Appendix A-3.
MEDIA TANK SIZING REQUIREMENTS
The upstream media tanks have undergone a series of changes over the course of the
project. Initially, there were a total of 9 storage tanks, with 3 dedicated to each parallel batch
process. The original plan was to the first tank hold media to be charged to the pre-seed and seed
fermentors, the second tank to hold the production fermentors media charge, and the third tank
to hold the production fermentor glycerol charge. Later, we realized that it would be
economically unfeasible and operationally impractical to pump glycerol into the lab-scale U-SF50-X, U-SF-40X, and U-SF-30X pre-seed fermentors. The design was changed to using a total of
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12 storage tanks and four per process, charging media to the U-SF-20X, media to the U-SF-10X,
media to the U-PF-00X, and glycerol to the U-PF-00X, respectively. To size the media tanks, it
was assumed that a tank should be able to hold three batches worth of media/glycerol, so that
an entire cycle for the three parallel batch processes can be satisfied by the storage tanks. Detailed
assumptions and calculations can be found in Appendix A-43 covering the storage tank
equipment.
AGITATOR DESIGN
Agitator design is important to optimal mix the broth contents so that the Schizochytrium
can be properly aerated. Proper aeration consists of dispersal of gas into the liquid while
providing the mixing necessary to avoid large gradients of oxygen and areas of concentrated
nutrients (Benz, Sizing Impellers for Agitated Aerobic Fermenters, 2004). Though a large excess
of air is fed into the system, at 1 vvm, only a small fraction of it is taken up. According to Benz,
specific agitator designs can lead to differing agitation efficiencies. Furthermore, a study by Zhao
et. al. investigated the effect of impeller configurations on the cell growth characteristics and DHA
triglyceride synthesis in Schizochytrium sp. They tested three different configurations of impellers:
SSA, SDS, and SAS, where S = 6-straight blade disc turbine, A = 6-arrowy-blade disc turbine, and
D = down-pumping propeller.
The results of the analysis indicated that the SSA configuration gave the worst oxygen supply
capacity, while the SAS configuration gave the best oxygen supply capacity. Therefore, for the
larger fermentors, the SAS configuration was installed. Figure 6.3 gives simulated velocity
profiles and gas hold-ups of the three fermentors. The velocity profiles and gas hold-ups help
visually illustrate the flow patterns of the system. Configuration had a middle 6-ABDT agitator
that formed two axial and diagonal circulation flows, leading to mixing flow patterns across the
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whole system. Agitators in the SSA and SDS configurations produced flow patterns that were
independent of each other, leading to worse mixing (Zhao, et al., 2016).

METHOD OF BROTH TRANSFER
A chemical engineering reader who has little knowledge of specific fermentation
heuristics would be surprised at the implementation of air pressure driven transfer of broth been
fermentors, rather than using pumps for the same purpose; the oft-mentioned chemical
engineering adage, “Do not compress when you can pump” comes to mind here. There exists a
satisfactory answer to the question: sterility. Maintenance of sterility is one of the integral
characteristics to the process, as introduction of foreign substances to the fermentation process
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results in a ruined batch due to safety and quality concerns. Though the pumps used in the entire
process are fully enclosed, they are not considered completely sterile pieces of equipment.
Therefore, broth cannot simply be pump from fermentor to fermentor without sterilization
through a high-temperature short time (HTST) skid.
It was decided to use pressure differential to transfer the broth. Per Dr. Bockrath, a
pressure difference of about 1.5 bar (22.0 psi) is sufficient for transfer. A pressure of 44.1 psia was
chosen for the pressure at the top of the broth, allowing for a maximum of 29.4 psia difference.
GLYCEROL FED-BATCH PROCESS TO PRODUCTION FERMENTOR
The U-PF-00X production fermentor requires glycerol feed starting from 20 hours into the
fermentation process until the end of fermentation (120 total hours). A total of 135,300 lb glycerol
is fed into the system over a period of 100 hours. On average, though, ~22.5 lb/min are to be fed
into the system, or ~3 gallons/min. For optimal DHA triglyceride production, it was desirable to
keep the concentration of glycerol between 5 g/L to 12.5 g/L. By running the glycerol pump for
a total of 1 hour per batch, feeding at the beginning of each new hour, we are able to modulate
the concentration of glucose between the required range of concentrations (Beopoulos, et al., 2009)
EXTRACTION METHODOLOGY
The downstream process evolved the most throughout the design process as challenges
arose with each design proposal. The initial design ideas for the downstream process were
inspired by research into multiple patents and papers concerning the process. While not all of the
sources referenced are directly cited in this paper, all of the referenced sources are listed in the
Bibliography.
The first challenge in designing the downstream process was making it a continuous
process while receiving products from a batch process. A vital starting point in the design was
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the suggestion by Dr. Bockrath to use a surge tank at the very beginning. This way, the surge tank
will hold the contents from the batches, and a pump can take from the surge tank at a consistent
rate. This allowed for the downstream to be run as a continuous process.
The extraction process was first generally modeled from the paper by Mercer et. al. which
summarizes the general steps of extraction including the need for a solvent and a system to crush
the biomass (Mercer, P. & Armenta R.E., 2011). Several cell crushing techniques were considered
such as expeller presses, ultrasonic-assisted extraction, sonication, and supercritical carbon
dioxide extraction. While recent lab scale studies praised methods such as supercritical carbon
dioxide extraction as efficient in lipid extraction, the method didn’t prove to be efficient on a large
manufacturing basis just yet (Byreddy et. al, 2015). Mercer et. al. recommended a hexane solvent
and a mechanical bead mill due to the commonality in the industry and its cost-effectiveness.
Thus, this method was eventually adopted. It was later noted that the beadmill must produce a
ton of heat due to function. Looking further into the design of beadmills, it was discovered that
many have such designs that allow cooling water to run through them to keep them cool.
Therefore, a cooling water stream was added to ensure the beadmill stays a consistent
temperature.
However, before the cells are added to the hexane and crushed in a beadmill, Dr. Bockrath
advised that the cells needed to be dried of moisture. The mixture coming from the surge tank
includes large amount of medium and water. A disc-stack centrifuge was proposed to be used to
drain the water and medium. Unfortunately though, the disc-stack centrifuge was not as efficient
as imagined and another piece of equipment was required. It was initially thought that adding a
filter or other type of centrifuge afterwards would be enough; however, Dr. Bockrath insisted that
the cells needed to be completely dry and thus using only centrifuges was not going to do the job
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completely. Therefore, it was decided to use a spray dyer system to dry the cells of all remainingg
moisture.
It was initially believed that after drying the cells, they could be immediately dumped
into the hexane, but they cannot. The cells coming out from the spray dryer are much too hot to
be immediately dumped into a batch of hexane. Therefore, with more research into industry
standards, it is was discovered that many spray drying systems come with a closed conveyor belt.
It was decided and verified to industry norms to have a cooling water stream run along the belt
to cool the cells while they moved to the hexane batch. This proved to a successful design to cool
the cells without too much hassle.
The crushed biomass was mostly separated from the oil hexane mixture using a basket
centrifuge. A large concern was how to dispose of this biomass mixed with hexane. It was initially
assumed that the biomass waste would be sold as aquafeed due to recommendations from several
papers (Adarme-Vega et al, 2012). The aquafeed market is large, and it was thought that we
would make some profit from selling the feed. However, in the end this side idea was scrapped
due to a variety of cost and efficiency factors. For one thing, all of the biomass would have to have
its hexane extracted first. This would add a large cost to purchase even more equipment to work
with hexane extraction from solids. In addition, to get an optimum price in aquafeed, the biomass
should contain the essential oils within it. However, this process had already extracted the oil
from it, depreciating the cost of the biofeed. The most important factor, though, is the observation
that at this production volumes of this process, there will not be nearly enough feed sold to
mitigate the costs to enter an already saturated aquafeed market. Therefore, although it was still
quite expensive, disposal of the hexane and biomass as flammable waste was the most
economically feasible option.
26

PRELIMINARY SYNTHESIS
The flammable waste could not be transported as simply as general waste was due to the
reactivity of hexane. The solution was to have the hexane and biomass mixture be disposed of
into specially designated hopper that would transport it to a designated pack out station. This
pack-out station would only be used for packing the flammable materials. The location of the
plant resided near another major food processing plant; and therefore, it was advised by Dr.
Bockrath to sell the biomass to them. The nearby plant had the right type of incinerator for the
job and would benefit from the heat produced. Therefore, the packaged hexane and biomass
mixture was assumed to be picked up by the designated waste disposal personnel and
transported to be incinerated. It was assumed that some revenue would come of providing the
flammable waste. Therefore, the revenue was factored into the costs needed for the disposal.
While the revenue was not assumed to be so high as to make any profit from the flammable waste,
it did help reduce the disposal costs and get rid of potentially dangerous waste.
To prevent leftover solids from entering the evaporation process, a cartridge filter was
moved upstream of the process for particle collection. The cartridge filter was initially placed
after the lamella filter towards the end of the purification process. It was assumed that the
biomass that was not centrifuged out would be able to flow with the oil through the hexane
extraction process. However, it was advised that this was not a reasonable assumption. Therefore,
the filter was moved to be placed before the flash evaporator to capture the lingering solids. The
very few solid particles that were left end up collecting at the bottom of the flasher and are
discarded with a purge stream.
A main issue in the extraction process was removing the hexane from the crude oil
mixture before it moved to purification. Initially, it was presumed that the hexane could just be
centrifuged out. This assumption turned out to be incorrect as the centrifuges would not be nearly
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efficient enough to remove every trace of hexane (“Extraction of algal oil”, n.d.). After a
suggestion by Dr. Bockrath to make the extraction process analogous to standard oil see
processing, it was decided that a distillation column would be used to extract the hexane by
evaporation. ASPEN was used to model the distillation column design. Initially, a DSTWU
column was chosen with the DHA option and hexane options from the ASPEN library.
Unfortunately, when trying to run this design, numerous errors were noted and result streams
had unreasonable temperatures and pressures. To overcome this obstacle, Professor Fabiano was
consulted. Upon hearing of the idea, Professor Fabiano was not impressed. He voiced his concern
that using a distillation column was not the right way to go. Although he voiced such concerns,
he still helped in creating a working simulation. He used a RADFRAC column instead of DSTWU.
The various required inputs were run, and Professor Fabiano assisted in fine tuning the details
until the simulation ran successfully. The tuned simulation included a column that had a start
stage of 2 and end stage of 3. The tray type was sieve and the number of passes was only 1. The
specified tray spacing was 2 feet with a section diameter of 3.2 feet, a section height of 4 feet, a
section pressure drop of 0.14 psi, and a section head loss of 5.5 in. However, after studying the
results, both Professor Fabiano and the team agreed the temperatures and pressures needed to
run the distillation column effectively were not industrially reasonable. The details of this ASPEN
report can be found in Appendix C-1. In the end, the distillation column was completely replaced
by the flash evaporator and wiped film evaporator by suggestion of Dr. Bockrath. This was a
huge improvement to the system and allowed for hexane to more feasibly be recycled back into
the system.
PURIFICATION METHODOLOGY
The purification process of the downstream was initially modeled on the US patent
“Method of separating EPA from DHA” (U.S. Patent No. US6846942 B2, 2003). This patent was
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chosen because in its writing it emphasized its focus on using food and pharmaceutical safe
reactants and achieving high purity. They key aspect of the patent was the end section where the
solubilities of the magnesium salts of the fatty acids would separate the EPA from the DHA.
However, there were many issues that had to be resolved when working with this patent. For
example, the patent was done at lab scale, so much of the procedure described was performed as
batches and not as continuous. Furthermore, it was discovered that the patent called for a
methylene chloride solvent, which is a known carcinogen. It was decided this was not safe for
infant consumption if any would end up in the final product, and so this material was cut from
the design. Fortunately, Dr. Bockrath advised to use Scheibel liquid-liquid extraction columns to
make the process continuous and more efficient on a large scale, which greatly improved the
process. For the Scheibel column reactions, the initially presumed one to one basis feed was
changed to using excess sodium hydroxide and acetic acid. This would ensure that the reaction
ran to completion in order to minimize the amount of product lost due to not reacting.
The largest change to the purification process was the decision to cut the need to separate
the DHA from the EPA in the omega-3 fatty acid mixture. The magnesium salt purification idea
was proving to be especially challenging to scale into production level and so a closer look was
taken to see if it was really necessary. It turns out from closer look into the Schizochytrium cell
components, the lipid production of DHA in the cell was so much larger than EPA, that the small
amounts of EPA left would be acceptable (Chang et al, 2013). After performing such calculations
for the process, DHA resulted in a 98% purity in the final product, which is acceptable for market
sale. Therefore, the entire magnesium salt separation process was scrapped from the final design.
One of the notable last additions to the purification design was the addition of a lamella
filter to get rid of moisture and water left in the oil product. The need for this wasn’t realized until
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more precise mass flow calculations were performed. With the assumptions used, there would
still be a considerable amount of water leftover from the previous reactions in the oil. This would
degrade its purity and ability to sell for a higher price. To counter this problem, a lamella filter
was added in and helped mitigate the problem.
Lastly, a pack-out station was added to the end of the downstream process to package the
product in pharmaceutical grade drums for shipping to buyers. It was initially assumed that the
process just ended with the stream of final product. However, considerations needed to be taken
when packaging the product due to its pharmaceutical grade. The packing station needed to be a
specific design with its own set of pharmaceutical shipping drums to ensure the safety of the
product through its shipment.

30

ASSEMBLY OF DATABASE

11.

ASSEMBLY OF DATABASE

INPUT COSTS
For the general inputs used in the process design calculations, continuous operation was
chosen, with an operating time of 330 days. Production capacity was assumed to be 90% that of
design capacity, allowing for general inefficiencies, and production was started at 50% that of
production capacity. As the downstream portion of the process is continuous, the number of
shifts required was 5 (The upstream process is also running more or less continuously, via batch
processes). A 10 year depreciation schedule was selected, per Dr. Bockrath’s advice, as the DHA
manufacturing process technology has existed for more than two decades. A federal income tax
rate of 40% was assumed with a 15% discount rate. To avoid double-counting for profitability
calculations, the general inflation rate and its components were set to zero. The raw materials that
entered the process were listed, with cost of raw materials coming from two major sources: past
relevant University of Pennsylvania Chemical Engineering senior design projects retrieved from
the repository and from the 2008 Indicative Chemical Prices report from the ICIS Chemical
Business Market Report. For upstream raw materials, the following prices were determined:
glycerol at $0.35/lb, corn steep solids at $0.20/lb, ammonium acetate at $0.40/lb, sodium chloride
at $0.33/lb, yeast extract at $5.00/lb, ammonium hydroxide at $0.15/lb, and hydrochloric acid at
$0.12/lb. For the downstream, pure hexane was costed at $0.20/lb, sodium hydroxide (50%
solution) at $0.19/lb, acetic acid at $0.35/lb, and abscorbyl palmitate at $20.25/lb.
Most of the utility costs as well as equipment costs were taken from Prof. Seider’s Product
and Process Design Principles textbooks, especially Table 17.1 detailing the costs of utilities. The
following costs were procured from the textbook, at the current cost index of 545: high-pressure
steam at $7.69/ 1000 lb, medium-pressure steam at $6.73/1000 lb, and low-pressure steam at
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$5.77/1000 lb. Cooling water and process water were obtained for $0.01/1000 lb and $0.09/1000
lb, respectively. Natural gas in the form of methane provides heat energy to the U-RO-001
regenerative thermal oxidizer at a cost of $0.087/lb. Chilled water runs through the U-CH-001
water chiller, and refrigerant costs for cooling down the spend chilled water streams back to 41⁰F
will cost $0.017/ kWh. In addition, electricity fees are calculated to $0.07 /kWh. Clean-in-Place
utilities require the alkaline detergent CIP-100 at the rate of $60.57/gal. Other utility costs include
annually changing the HEPA filters for each air compressors at a cost of $500,000/filter, a figure
suggested by Dr. Bockrath. In addition, cartridge filters are available for replacement at
$500/filter. Finally, waste disposal takes place in two forms: organic waste is disposed of via
standard waste processing at $0.14/lb organic, a figure taken from the Product and Process
Design Principles textbook. Flammable waste (containing hexane) will be disposed of through a
specially built incinerator by ADM, at the cost of $0.58/lb. Values for raw materials and utilities
costs can be found in greater detail in the Assumptions and Calculations section for Profitability
and Utilities, respectively.
Equipment costs were determined through a few different methodologies, in decreasing
preference: 1) If equipment prices were available in the Product and Process Design Principles
textbook, then these values and equations were used to calculate the prices for our unit processes;
2) If equipment prices were not available in the textbook, and Dr. Bockrath recently had the
equipment quoted for his company, then a correlation for pricing relating the specifications of Dr.
Bockrath’s unit process to the one in the project was determined; 3) If Dr. Bockrath was did not
have a recent quote for the equipment in question, then prices were determined from online
vendors, including New Brunswick and Ali Baba. Values for equipment costing are described in
greater detail in Appendix A covering Assumptions and Calculations for Equipment.
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ASPEN SIMULATION SPECIFICATIONS
ASPEN Plus V9 was used to model the U-CP-50X air compressor systems. The reason for
choosing the air compressor system was that it was one of the more expensive set of unit processes,
totaling $4,200,000 for the three parallel air compressors, with $1,500,000 total cost per year for
changing the High-Efficiency Particulate Air (HEPA) filters. In addition, the air compressors
require enormous amounts of water – almost 800,000,000 lb per year for the entire system.
Therefore, it was practical to use ASPEN to model the system to determine brake horsepower and
cooling water utility requirements.
It was determined from Dr. Bockrath that a compression ratio of 4.05x was required for
pressure differential transfer between fermentor vessels. Given a heuristic of 3.75x compression
for a single stage compressor, as found in the Product and Process Design Principles textbook, it
was deemed necessary to incorporate a two-stage compressor system with interstage cooling for
each of the air compressors.
To properly model the air compressor system, the non-random two-liquid (NRTL) model
was chosen due to its broad usage in industry of modelling gaseous mixtures. The two air
compressors were given isentropic efficiencies of 0.85, and the two interstage heat exchangers
were modelled with counter-current flow and the Shortcut model fidelity. Outlet temperatures
were specified using heuristics provided in the Product and Process Design Principles textbook.
A minimum approach of 7ºC (12.6 ºF) was used. Cooling water flows were adjusted until the exit
temperature was approximately 120 ºF. Details are expanded upon in Appendix A-25 covering
Assumptions and Calculations for the air compressor systems. The ASPEN report itself is found
in Appendix B-1.
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A distillation tower system was also modelled in ASPEN, as mentioned in the preliminary
synthesis. This unit process was ultimately retired in favor of a flash evaporator and wiped film
evaporator system. The distillation tower was modelled as a RadFrac due to its accuracy and
rigor, with help from Professor Fabiano.
UPSTREAM DATA
Mass balance calculations for the upstream process revolved mostly around the Chang
2013 paper and the Chi 2009 paper, which dealt with oxygen transfer rates/ DHA production
rates and cell growth rates, respectively. The Chi et. al. paper provided relevant growth rate data
to determine a log phase growth rate constant µ. Cells in the study were introduced at a
concentration of 2*106 cells per mL, or 5.66*1010 cells per ft3. After 24 hours of fermentation, the
cell density increased to 25.2 *106 cells/mL (7.14*1011 cells/ft3), and after 48 hours a cell density
of 42.5*106 cells/mL (1.20*1012cells/ft3) was attained. Using the tissue plasminogen activator (tPA)
process example as a model, found in Chapter 2 of the Product and Process Design textbook, the
growth rate µ was calculated. Assuming a linear cell growth phase, after 48 hours the cells grew
to a density of 1.20*1012cells/ft3, so µ was determined to be 20.25 *106 cells/mL-day, or
5.73*1011cells/ft3-day. This growth constant is true only for the specific media composition found
in the pre-seed and seed- fermentors. The basis behind the process fermentation time is the
growth constant of 5.73*1011cells/ft3-day. The calculation of the growth rate constant can be found
in the upstream assumptions section of Appendix A-1. In Chang 2013, a concentration of 21.26
g/L, or 1.327 lb/ft3 DHA triglyceride was obtained.
Production of the crude oil occurred after nitrogen sources were exhausted, and glycerol
had been fed into the system as a part of the broth at a concentration of 100 g/L, or 6.24 lb/ft3.
Given the volume of media fed, the amount of glycerol initially charged was 23,111 lb/batch, not
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including 66.1 lb/batch glycerol from the seed fermentor. Figure 11.1, below, is taken from the
Chang paper, with the line marked with triangles giving the optimal DHA triglyceride
concentration at the conclusion of fermentation.

Figure 11.1: The glycerol feed amount (kg) for the optimal DHA yield is the middle plot.
Via ImageJ analysis, it was determined that the amount of glycerol fed into the system
after 20 hours was 10.5 kg, or 85.6% of the total glycerol fed. From this percentage, backcalculation of the glycerol for feed after 20 hours was calculated to be 135,280 lb. consumed, water
was formed in its place to maintain a broth volume of 7,063 ft3. The assumptions and calculations
are explained in more detail in the upstream assumptions section of Appendix A-1.
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NOTE ON LABELLING OF STREAM AND PROCESS UNITS:
Labelling of streams and equipment both the upstream and downstream diagrams
followed a modified version of the standard labelling method from the ASME (American Society
for Mechanical Engineers) for processes as described in Chapter 2 of the Product and Process
Design Principles textbook. The textbook advocated for a system of form X-YZZ, where X stands
for the equipment type, Y stands for the location of the unit operation within the plant, and ZZ
stands numbers that stream/unit.
Our process consisted of a relatively involved upstream and downstream; therefore, the
method of labelling used had form W-XX-YZZ for equipment and W-S-YZZ for streams. W is a
single letter identifying if the unit/stream was located in the upstream or downstream (U or D).
XX is a two letter identifier of the processing unit (i.e. SF for seed fermentor). For streams, a single
letter designation, S, was used. Y identifies the process area where the unit is installed, and ZZ is
a two-digit number indicating the process unit or stream. The entire process itself can be viewed
as a number line: the upstream unit processes count down from the U-500 section to the U-000
production fermentor section; the downstream section then proceeds from the water removal D000 section to the final antioxidant addition and pack out section of D-300.
Additional information: steam, cooling water, and chilled water utilites are labelled in the
following format: lps = low-pressure steam, mps = medium-pressure steam, hps = high-pressure
steam, cw = cooling water, and chw = chilled water.
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UPSTREAM
The process flow diagram for the upstream fermentation process is presented in Figure
12.1. The corresponding component flows and select physical properties are presented for major
process streams in Table 12.1.
DOWNSTREAM
The process flow diagram for the downstream extraction and purification process are
presented in Figures 12.2 and 12.3. The downstream process’s corresponding component flow
and physical properties are presented for major streams in Table 12.2 and 12.3. As the
downstream process involved many unit operations, two pages were necessary to diagram the
entire process.
CIP/SIP SYSTEM
The process flow diagram for the clean-in-place/ steam-in-place sterilization system is
presented in Figure 12.4.
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Figure 12.1: Upstream Process Flow Diagram. The CIP/SIP system is shown Figure 12.4
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73
68.3
208,900
169,800
0
23,110
0
0
0
15,270
<1
<1

U-009/010/011

73
68.3
193,300
57,980
0
135,300
0
0
0
0
0
0
99
63.3
208,900
169,800
0
23,110
0
0
0
15,270
<1
<1

U-015/016/017

73
76.8
3,517
3,142
0
327
16.4
3.14
28.4

73
14.7
3,517
3,142
0
327
16.4
3.14
28.4
U-012/013/014

U-S-205/206/207

201/202/203/204

104
44.1
1
153
119.5
32.1
1.4
<0.05

104
44.1
1
0.03
0.24
0.06
<0.01
<0.001
77
14.7
1
115
0
0
0
0
114.6
0

U-S-030

77
22.0
1
0.03
0.24
0.06
<0.01
<0.001
1100
14.7
1
26,920
20,850
4,873
249.4
686.2
0
257.9

U-S-031

104
44.1
1
0.64
0.50
0.13
0.01
<0.01

77
22.0
1
0.64
128.87
0.13
1.54
<0.01

104
44.1
1
12.8
10.0
2.7
0.12
<0.01

U-S-501/502/503 U-S-511/512/513 U-S-514/515/516 U-S-407/408/409 U-S-410/411/412 U-S-307/308/309

STREAM ID
U-S-024/025/026 U-S-027/028/029
Temperature ( F)
104
77
Pressure (psia)
44.1
22.0
1
Vapor Fraction
1
21,420
Total Flow (lb/hr)
21,330
16,650
Nitrogen
16,650
Oxygen
4,469
4,241
Argon
199.2
199.2
320.3
Carbon Dioxide
6.70
Natural Gas (Methane
0
0
0
Water
0

STREAM ID
Temperature ( F)
Pressure (psia)
Vapor Fraction
Total Air Flow
Nitrogen
Oxygen
Argon
Carbon Dioxide

77
22.0
1
12.8
10.0
2.6
0.12
0.12

U-S-310/311/312

99
63.3
193,300
57,980
0
135,300
0
0
0
0
0
0

U-018/019/020

99
71.8
3,517
3,142
0
327
16.4
3.14
28.4
77
44.1
68,650
66,140
456.4
1,323
66.1
66.1
595
0
0
0

U-021/022/023

77
44.1
171
165
1.14
3.31
0.17
0.17
1.45

US-208/209/210 U-S-211/212/213

104
44.1
1
256.0
199.9
53.6
2.39
0.08

77
22.0
1
256.6
199.9
51.9
2.39
2.43

104
44.1
1
5,119
3,997
1,072
47.8
1.61

U-S-214/215/216 U-S-217/218/219 U-S-114/115/116

Table 2: Upstream Continous Process Stream Report. The major continuous flows are from the air compressor feeding into the U-PF-00X production fermentors

U-S-105/106/107 U-S-108/109/110 U-S-111/112/113 U-001/003/004/005 002/006/007/008
STREAM ID
Temperature ( F)
73
99
77
73
73
Pressure (psia)
82.2
77.2
44.1
14.7
14.7
Total Flow
70,340
70,340
3,433
208,900
193,300
Water
62,830
62,830
57,980
169,800
3,307
0
0
Biomass
0
0
22.8
Glycerol
6,548
6,548
135,300
23,110
66.1
Corn Steep Solids
327
327
0
0
3.3
0
Ammonium Acetate
62.8
62.8
0
3.31
Sodium Chloride
565
565
0
0
30
Yeast Extract
0
15,270
0
0
0
Ammonium
0
<1
0
0
0
Hydrochloric Acid
0
<1
0
0
0

U-S-504/505/506 U-S-507/508/509 U-S-401/402/403 U-S-404/405/406 U-S-301/302/303 U-S-304/305/306
STREAM ID
Temperature ( F)
73
73
73
77
73
77
Pressure (psia)
44.1
44.1
44.1
44.1
44.1
44.1
Total Flow
0.46
0.0022
8.8
0.43
176
8.55
Water
0.41
0.0022
7.86
0.41
157
8.27
Biomass
0
<0.001
0
0.0029
0
0.057
Glycerol
0.041
<0.0001
0.82
0.0082
16.4
0.166
Corn Steep Solids
0.0021
<0.0001
0.041
0.00042
0.83
0.0082
Ammonium Acetate
0.00041
0
0.0083
0.00041
0.17
0.0083
Sodium Chloride
0.0037
0
0.074
0.0037
1.45
0.04

Table 12.1: Upstream Batch Process Stream Report. The U-PF-00X production fermenters handle the greatest material.

77
22.0
1
5,131
3,997
1,038
47.8
48.6

U-S-117/118/119

73
14.7
70,340
62,830
0
6,548
327
62.8
565

101/102/103/104
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Figure 12.2: Downstream Process Flow Diagram Part 1 – Sections D-000 and D-100
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0.0

0.0
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Table 12.2: Downstream Process Stream Report for D-000 and D-100 Sections. The hexane recycle streams have the largest flows.

Table 3: Downstream Continuous Process Stream Report For D-000 and D-100 sections. The reycle hexane streams are the largest flows in the downstream
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Figure 12.3: Downstream Process Flow Diagram Part 2 – Sections D-200 and D-300
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Figure 12.4: Clean In Place (CIP) Process Flow Diagram. Equipment is purchased as a whole system, thus no
mass balance is configured.
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UPSTREAM
The upstream portion of the process involves aerobic fermentation of the Schizochytrium
organism, a heterotrophic microalgae species chosen specifically for its high yield of DHA
triglyceride and its high selectivity for DHA as opposed to other omega-3 fatty acids. In the
laboratory, a batch begins when 1 mL of inoculum containing a concentration of 2*106 cells/ mL
(5.66*1010 cells/ft3). The cells are incubated for 48 hours in a U-SF-50X Erlenmeyer flask atop
orbital shakers. After attaining sufficient cell concentration, the contents of the flasks are
transferred via standard transfer methods to the 7.5L U-SF-40X New Brunswick BioFlo 110
fermentor. The fermentation period in the BioFlo 110 is 48 hours before transfer via pressure
differential to a U-SF-30X pre-seed fermentor, a vessel of volume 4.414 ft3. After the 48 hour
incubation period, the contents of this vessel are transferred to the final pre-seed fermentor, the
U-SF-20X pre-seed fermentor. The U-SF-20X pre-seed fermentor has 88.29 ft3 worth of vessel
volume and is the first series of fermentors to be process-scale and not laboratory-scale.
Temperature and pH are maintained at 77ºF and 6.8 pH throughout the process via ammonium
acetate and sodium chloride salts that are present in the media broth. The broth also contains a
carbon source of glycerol and a nitrogen source of corn steep solids. Air is fed in at a rate of 1
vvm. Air is pressurized via the U-CP-50X air compression systems, as pressure differential is the
mechanism by which broth is transferred between fermentation vessels. The reason that pressure
differential is used is that pumps present an issue with sterility. The concentration of
Schizochytrium at the end of the each incubation stage is 1.12*1012 cells/ft3 (Chi et. al.).
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Contents of the U-SF-20X pre-seed fermentor are transferred via pressure differential to
the U-SF-10X seed fermentor, of volume 1,589.2 ft3. Size ratios between succeeding pre-seed/seed
fermentors was 20x, a standard value in aerobic fermentation. Stirred-tank agitators were
determined to be necessary for oxygen transfer within the pre-seed, seed, and production
fermentors, based on literature consulted (Benz, Zhao).
Contents of the pre-seed fermentor incubate for a period of 48 hours before final transfer
to the production fermentor. The U-PF-00X production fermentor has a volume of 9,888 ft3. As
with the smaller fermentors, the production fermentor is again maintained at 77ºF and 6.8 pH.
This time, the charge media consists primarily of glycerol and yeast extract, with trace amounts
of hydrochloric acid and ammonium hydroxide to form a buffer solution for maintaining the pH
set point. Fermentation in the production fermentor occurs over a period of 120 hours. After 20
hours, the nitrogen nutrient has been completely depleted, resulting in a shift in cellular
metabolism from cell division into lipid accumulation. This change in behavior is known as
“nitrogen starvation,” and it results in the production of crude oil containing significant amounts
of docosahexaenoic acid triglycerides. 70% glycerol solution is also charged in at the 20 hour mark,
so that carbon nutrients are not limiting. Air is fed in via the U-CP-50X air compressor system at
a rate of 1 vvm. Final concentrations of DHA triglyceride produced amount to 21.26 g/L (1.33
lb/ft3), and the biomass within the system reaches a concentration of 123.04 g/L (7.68 lb/ft3)
(Chang).
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Figure 13.1: SuperPro diagram of the upstream batch process, showing a single batch operation. Note that
secondary unit processes are not shown in the diagram.
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Figure 13.2: Gantt chart from the SuperPro model. The minimum cycle time is 6.0 days. We operate at 6.6
days/cycle.
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SUPERPRO v.7.5 was used to create a Gantt chart visualization for the upstream batch
processes. For simplicity, auxiliary equipment (storage tanks, heat exchangers, pumps, air
compressors, and regenerative thermal oxidizer) were not shown in the SUPERPRO diagram and
Gantt chart, Figure 13.1 and 13.2, respectively. Recipe Scheduling Summary results indicate a
total batch time of 16.07 days. However, the cycle time of the process is 6.0 days, with the
scheduling bottleneck equipment being the U-PF-00X series of production fermentors. The
minimum cycle time was determined for the production fermentors by a 5 day fermentation
period, followed by a 2 hour discharge into the downstream D-ST-001 storage tank; afterwards,
clean-in-place operations and steam-in-place operations sterilized and cleaned the vessel, taking
20 hours and 2 hours, respectively. Assuming a plant maximum operating time of 330.0 days per
annum, there is a maximum of 53 batches per year per set of fermentors. Therefore, running 50
batches per year, as our design indicates, will take 300 days of continuous operation, leaving an
additional ~30 days to account for unforeseen complications. Given that there are three batch
processes running in parallel, a conservative total of 150 batches can be run per year using a cycle
time of 6.6 days, with the capability to run 159 batches with the minimum cycle time of 6.0 days.
The three parallel batch processes can be run independently of one another, as the process
flows through the process units do not pass through interconnected pipes, with the exception of
air feed from the U-CP-50X air compressor system and the waste gas disposal to the U-RO-001
regenerative thermal oxidizer. Therefore, a large degree of freedom was available for staggering
of the parallel processes. However, to reduce set point variation in the height of the downstream
D-ST-001 storage, it was decided to stagger the batches at 16.07/3 = 5.37 days apart.
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DOWNSTREAM
The cells from the fermentors are pumped (D-PP-001 to -003) to the D-ST-001 agitated
stirred surge tank. The surge tank is the key part of the transition from the batch upstream process
to the continuous downstream process. The surge tank allows the downstream to flow
continuously while pumping (D-PP-004) what it needs from the tank that is emptied into in
staggered units from the upstream. The mixture of cells with medium and water is then pumped
to the D-CF-001 disc-stack centrifuge. The disc- stack centrifuge separates the majority of medium
and water to create a slurry of in-tact cells. The medium and water separated using the centrifuge
(D-CF-001) is pumped out as waste to be treated (D-PP-005).
The slurry of intact cells is pumped (D-PP-006) to a spray dryer (D-SD-001). The spray
dryer has hot air blowing through it to evaporate any remaining moisture from the cells. Any
moisture will decrease the efficiency of the future hexane solvent extraction step. The dried cells
are then carried down via conveyor belt (D-S-101). This conveyor belt is simultaneously cooled
by a jacket with cooling water running through it. The cells coming out of the spray dryer are
extremely hot and need to be cooled before mixing with the solvent.
The dried and cool cells are dumped into a mixed storage tank full of hexane (D-ST-102).
The hexane is initially loaded into the D-ST-101 storage holding tank and then pumped (D-PP101) into the D-ST-102 mixing tank. After being thoroughly mixed with hexane, the hexane and
cell mixture is pumped (D-PP-103) into the D-BM-101 bead mill. The bead mill’s mechanical
crushing coupled with the soaking in hexane solvent allows 90% crushing of the cells; it was
assumed that all the crude oil from crushed cells were extracted. The mixture of cells, crushed
cell biomass, oil, and hexane is pumped (D-PP-102) to be recycled back to the original biomass
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and hexane mixing tank (D-ST-102). The recycle stream allows for the cells to have a few runs
though the bead mill to optimize that the large majority of cells are crushed and oil extracted.
After sufficient passes through the bead mill (D-BM-101), the mixture of crushed biomass,
oil, and hexane is pumped (D-PP-104) to a basket centrifuge (D-CF-101). The basket centrifuge
(D-CF-101) separates the majority of biomass from the oil. The mixture of waste biomass and
hexane is then dumped to a hopper (D-HP-101) and transported to a pack out station (D-PO-101)
for specialty waste disposal via incineration, which is described in more detail in the Appendix
A-23 utilities assumptions section under “waste disposal”. The mixture of hexane and crude oil
is pumped (D-PP-105) through a cartridge filter which removes more of the trace biomass that
wasn’t removed through the D-CF-101 basket centrifuge.
The crude oil and hexane mixture is then pumped (D-PP-106) to the D-FE-101 flash
evaporator. The flash evaporator heats the mixture to evaporate the hexane, to which the gaseous
hexane then passes through the D-CD-102 condenser. The condensed hexane is pumped (D-PP107) to the D-ST-101 hexane storage tank to be reused in the process. While in the flash evaporator,
during it residence time, the trace leftover biomass in the oil will collect at the bottom and is
purged to waste (D-S-116). A majority of the hexane is evaporated in the D-FE-101 flash
evaporator; the rest is evaporated in the D-WF-101 wiped film evaporator. The wiped film
evaporator runs at a very low vacuum and evaporates the rest of the hexane to be compressed
through a vacuum pump (D-CP-101) and finally condensed in the D-CD-101 condenser. This
hexane will also be pumped (D-PP-108) to the D-ST-101 hexane storage tank to be reused as well.
The remaining crude oil exits the D-WF-101 wiped film evaporator for purification. It is
first pumped (D-PP-201) through a D-HX-201 counter-current heat exchanger, which cools it back
down to 99F. The cooled crude oil enters the first Scheibel column (D-SC-201). The D-SC-201
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Scheibel column also has 20% sodium hydroxide solution entering it as well. The stock 50%
sodium hydroxide solution is diluted with water to 20% sodium hydroxide solution in the D-ST201 mixing tank. The diluted sodium hydroxide solution is then pumped (D-PP-202) into the DSC-201 Scheibel column. The sodium hydroxide base reacts with the crude oil in a saponification
reaction. Scheibel columns are efficient pieces of equipment, and the EPA/DHA triglycerides are
completely saponified by the sodium hydroxide. To drive the reaction to completion, the sodium
hydroxide was fed in excess by 10% to the EPA/DHA triglyceride, as suggested by Dr. Bockrath.
In the saponification reaction, sodium hydroxide converts a triglyceride molecule of either DHA
or EPA to 3 saponified molecules and glycerol. Eicosapentaenoic acid triglyceride can also be
converted by sodium hydroxide to its saponified form. It was assumed that both saponified EPA
and saponified DHA were very soluble in water, so 98% of the saponified EPA/DHA mixture
left with the aqueous phase while 2% unsaponified materials are pumped (D-PP-203) from the
Scheibel column (D-SC-201) to waste. The sodium ions in the solution after extraction help to
stabilize the negatively charged saponified fatty acids via electrostatic interactions. The excess
sodium hydroxide, saponified oil, and water moved to the second Scheibel column (D-SC-202),
which used 50% acetic acid at 110% equivalence to convert all the saponified EPA/DHA oil into
the omega-3 fatty acid equivalents. The stock 50% acetic acid solution is initially stored in the DST-202 storage tank. The acetic acid was also to neutralize the basic sodium hydroxide that
remained from the first extraction step to form sodium acetate and water: The final omega-3 fatty
acids are insoluble in water, and so the aqueous phase is pumped (D-PP-206) to waste. More
details including the chemical equations used to describe the saponification reaction can be found
in Appendix A-7 under the downstream assumption section of “D-200 Section”.
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The organic phase is made up of omega-3 fatty acids is pumped (D-PP-301) to the D-FR301 lamella filter (D-FR-301). The lamella filter filters out the leftover water and moisture to be
purged (D-S-303). The resulting omega-3 fatty acids are pumped (D-PP-302) to the D-ST-301
storage mixing tank (D-ST-301) where antioxidants are added to produce the final product. The
final product is then pumped (D-PP-303) to the D-PO-301 pack out station, for packaging and
shipping out. For further clarification on the assumptions used to calculate the various mass flows
and machine efficiencies in the downstream process, please reference Appendix-7 A in the
downstream assumptions section. For an expanded list of sources that were used to design the
process but were not specifically cited in the description, please reference the Bibliography.
CIP/SIP SYSTEM
The CIP system prepares washing pumping cold water in to Rinse Tank from Water
stream, and by diluting the detergent. Batch-stored in the Concentrated Detergent Tank, the
concentrated detergent (CIP-100) is pumped into Dilute Detergent Tank and is mixed with water
to dilute it to 2% concentration. The pump recycles the fluid in Detergent Tank and the heat
exchanger heats it up to assure the concentration stays at 2%. The ratio of concentrated detergent
needed to clean a gal of vessel is 1/1500, considering that the CIP system performs full-recovery.
One complete production line of 4 seed fermentors and 1 production fermentor has a total of 8656
gal volume. The minimum amount of detergent needed to clean is 5.77 gal of concentrated
detergent mixed with 282.71 gal of water in Dilute Detergent Tank. Once CIP is done in a
fermentor, a spray ball is detached and installed to the next fermentor. The removal and
installation process takes an hour.
CIP system first pumps in cold water from the Rinse Tank to the fermentor to pre-rinse
through the CIP Supply stream. The step moistens the interior surface of the tank and
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mechanically removes residue. The used water is pumped back in to Recovery Tank through CIP
Return stream and is recycled throughout the pre-rinse step. After the rinse, all fluid is drained
from the fermentor and is pumped back to the rinse tank. Then, CIP performs detergent wash
through the CIP Supply stream to chemically remove any remaining dirt. CIP pumps in diluted
detergent water from Dilute Detergent Tank and rinses the fermentor thoroughly. The used
diluted detergent water is pumped back in to Recovery Tank through CIP Return stream and is
recycled throughout the pre-rinse step. After the rinse, all fluid is drained from the fermentor and
is pumped back to the Dilute Detergent Tank.
Finally, CIP system pumps in cold water again from the Rinse Tank to the fermentor to
post-rinse through the CIP Supply stream. The step washes away chemical remnants from
detergent. The used water is pumped back in to Recovery Tank through CIP Return stream and
is recycled throughout the post-rinse step. After the rinse, all fluid is drained from the fermentor
and is pumped back to the rinse tank. Each of the three steps (pre-rinse, detergent wash, postrinse) takes 4 hours of washing and 40 mins of draining for the production fermentor, which is
the bottleneck of the process line. To ensure hygiene, CIP repeats the whole process three times.
Steam-In-Place (SIP) is operated by constantly pumping in steam through the preinstalled regular steam pipes for 3 hours (1 hours to heat up and 2 hours to sterilize at high
temperature). Then, the fermentor is cooled back down to operating temperature for 4 hours. In
total, CIP and SIP for the bottleneck production fermentor takes 22 hours. Though the total time
of 22 hours may appear rather lengthy to those with expertise in sterilization of equipment, the
final product must of high purity for infant consumption; by repeating the standard sterilization
operating procedures a few times, we take every precaution to ensure that sterility conditions are
met.
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ENERGY BALANCE AND UTILITY REQUIREMENTS

The process requirement many different types of utilities, with major costs coming in the
form of chilled water for the fermentors, electricity for the U-CP-50X air compressor system, and
organic and flammable waste disposal. Overall, the utilities cost more than $6MM per annum.
Air is fed into the fermentation systems by the air compressor network, and oxygen is
consumed at a rate of 28.9 mmol O2/L-hr (Chang, et al., 2013). Further elaborations on how the
oxygen uptake rate (OUR) is determined is explained in the Appendix A-36 covering the
Assumptions and Calculations for the fermentors. Given the fermentation time, OUR rate, and
broth volume, the total amount of oxygen consumed over the course of fermentation could be
determined for the various fermentor sizes. The commonly used Cooney factor, a correlation
relating oxygen consumption to heat load for fermentation processes, was used to give the heat
load rates for the fermentors (Cooney, Wang, & Mateles, 1967). It was assumed that the first three
sizes of fermentors (U-SF-50X, U-SF-40X, and U-SF-30X) in the laboratory-scale produced
sufficiently low heat to justify not having a dedicated chilled water stream. Chilled water was
used for maintaining fermentor temperature at 77ºF (Chang, et al., 2013). Standard operating
ranges of chilled water were used, entering at 41 ºF and leaving at 59 ºF, providing a maximum
of 18 ºF of heat transfer (Seider, et al., 2017). Defining an overall heat transfer efficiency of 70%
between the cooling jacket coils and the fermentation broth, we determined a chilled water
cooling requirement for the fermentors. Chilled water runs through an enclosed loop to be cooled
down by the water chiller via a refrigeration cycle. For clarity, the refrigeration costs are broken
down by fermentor type in the energy balance table. Per year, the three U-PF-00X production
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fermentors require a total of 21,420,000 kW-h worth of refrigeration for a total cost of $370,600.
The total chilled water refrigeration cost is approximately $394,000.
The other two forms of liquid water utility were cooling water and process water. The
majority of cooling water utility requirements were used by the U-CP-50X integrated air
compressor systems, a total of 796,200,000 pounds of cooling water per year. In the upstream,
process water was required for the fermentors as well as for the cleaning-in-place (CIP) system.
Downstream requirements include the D-ST-201 and D-ST-202 storage tanks, which feed in
sodium hydroxide and acetic acid to the two Scheibel columns. The total cost of the process water
is $4,455, with the U-PF-00X production fermentors making up $3,148 of that cost.
Utility steam was used in three forms: low-pressure steam, medium-pressure steam, and
high-pressure steam. For all three steam types, a 45⁰F temperature gradient was used between
the saturated steam temperature and the unit process set point temperature (Seider, et al., 2017).
Low-pressure steam was required for the high-temperature short-time skids at a saturated
temperature of 261⁰F and 36 psia. Low-pressure steam was also required for SIP operations.
Medium-pressure steam was delivered to the D-SD-001 spray dryer at saturated temperature of
347⁰F and a pressure of 130 psia. High pressure steam entered the D-FE-101 flash evaporator and
D-WF-101 wiped film evaporator at a saturated temperature of 401⁰F and a pressure of 250 psia
(TLV Corporation, 2017). Per annum, low pressure steam cost a total of $32,730, medium-pressure
steam cost a total of $440.30, and high-pressure steam cost $125,500.
Utilities involving waste include hydrocarbon combustion requirements as well as waste
disposal requirements. The U-RO-001 regenerative thermal oxidizer requires 907,600 lb methane
feed to provide the necessary thermal energy to incinerate pollutants from exit gaseous wastes
produced via fermentation, at a cost of $79,510. Waste disposal costs constitute a sizable portion
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of overall utility fees; per annum, organic wastes from the downstream total $390,300, and
flammable hexane wastes disposal costs are $3,410,000.
Other utility considerations include the CIP-100 alkaline detergent, with a total of 865.6
gallons used per year, costing $52,430. Electrical requirements are comprised mainly of agitator
and motor costs for the various fermentors, mixing tanks, and pumps. Electricity costs total
$441,820. Also, high efficiency particulate air (HEPA) filters for the air compressors are replaced
each year, costing $500,000 each, for a total of $1,500,000. The D-FR-101 cartridge filter also
requires an annual change in cartridges for $500.
Table 14.1 shows a summary of utility requirements for the process. Detailed explanations
for the different utility requirements, including pricing and calculations, are found in Appendix
A-55.
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Table 14.1: Detailed utility breakdown of the process
Type of Utility
LOW-PRESSURE STEAM

Process Unit(s)
U-HX-20X (201-203)
U-HX-10X (101-103)
U-HX-00X (001-003)
CIP SYSTEM
Subtotal

Quantity (lb)
41,760
835,400
4,776,000
22,970
5,676,000

$
$
$
$
$

Process Unit
U-SD-001
Subtotal

Quantity (lb)
65,440
65,440

$
$

Process Unit
D-FE-101
D-WF-101
Subtotal

Quantity (lb)
16,010,000
314,800
16,320,000

$
$
$

Process Units
U-SF-30X (301-303)
U-SF-20X (201-203)
U-SF-10X (101-103)
U-PF-00X (001-003)
Subtotal

Quantity (kW-h))
3,213
64,260
1,285,000
21,420,000
22,770,000

$
$
$
$
$

Process Unit(s)
U-CP-50X (501-503)
U-HX-20X (201-203)
U-HX-10X (101-103)
U-HX-00X (001-003)
D-SD-001
D-CD-101
D-CD-102
D-BM-101
D-HX-201
D-SC-201
D-SC-201
Subtotal

Quantity (lb)
796,200,000
301,200
2,010,000
34,470,000
11,850,000
21,750,000
413,200,000
141,500,000
14,260,000
393,400
2,530,000
1,438,000,000

$
$
$
$
$
$
$
$
$
$
$
$

Process Unit(s)
U-SF-50X (501-503)
U-SF-40X (401-403)
U-SF-30X (301-303)
U-SF-20X (201-203)
U-SF-10X (101-103)
U-PF-00X (001-003)
D-ST-201
D-ST-202
CIP SYSTEM
Subtotal

Quantity (lb)
61.5
1,241
23,550
471,300
9,425,000
34,160,000
604,300
279,600
2,297,000
47,260,000

$
$
$
$
$
$
$
$
$
$

HYDROCARBON

Process Unit
U-RO-001
Subtotal

Quantity (lb)
907,600
907,600

$
$

CIP-100 DETERGENT

Process Unit
CIP SYSTEM
Subtotal

Quantity (gal)
865.6
865.6

$
$

U-CP-50X (501-503)
D-FR-101
Subtotal

3
1
4

$
$
$

MEDIUM-PRESSURE

HIGH-PRESSURE STEAM

REFRIGERANT
(FOR CHILLED WATER)

COOLING WATER

PROCESS WATER

FILTER (CHANGE)
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Cost

Cost

Cost

Cost

Cost

Cost

Cost

Cost

240.90
4,818.00
27,540.00
132.50
32,730.00

440.30
440.30

123,100.00
2,421.00
125,500.00

55.59
1,112.00
22,240.00
370,600.00
394,000.00

9,171.00
3.48
75.39
396.80
136.50
250.50
4,760.00
1,631.00
164.20
4.53
29.18
16,620.00

0.01
0.11
2.17
43.43
868.50
3,148.00
55.68
25.76
311.70
4,455.00

79,510.00
79,510.00

52,430.00
52,430.00

1,500,000.00
500.00
1,501,000.00
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Table 14.1, continued: Detailed utility breakdown of the process
Type of Utility, continued
ELECTRICITY

ORGANIC WASTE

FLAMMABLE WASTE

Process Unit(s)
U-SF-30X (301-303)
U-SF-20X (201-203)
U-SF-10X (101-103)
U-PF-00X (001-003)
U-PP-20X (201-203)
U-PP-10X (101-103)
U-PP-00X (001-003)
U-PP-00X (004-006)
U-CP-50X (501-503)
D-ST-001
D-ST-101
D-ST-102
D-ST-201
D-ST-301
D-BM-101
D-CF-001
D-CF-101
D-CP-101
D-PP-001
D-PP-002
D-PP-003
D-PP-004
D-PP-005
D-PP-006
D-PP-101
D-PP-102
D-PP-103
D-PP-104
D-PP-105
D-PP-106
D-PP-107
D-PP-108
D-PP-201
D-PP-202
D-PP-203
D-PP-204
D-PP-205
D-PP-301
D-PP-302
D-PP-303
Subtotal

Quantity (kW-hr)
17.37
3,474
69,480
1,119,000
5.19
110.4
3,018
3,164
3,900,000
47,930
18,650
31,080
18,650
18,650
917,100
341,300
216,800
58,000
58,000
58,000
10,320
10,320
10,320
10,320
10,320
18,220
19,710
10,320
10,320
10,320
10,320
10,320
10,320
10,320
10,320
10,320
10,320
10,320
10,320
10,320
7,106,000

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

Process Unit
D-CF-001
D-FE-101
D-SC-201
D-SC-202
D-FR-301
Subtotal

Quantity (lb)
537,000
30,100
1,695,000
445,000
792
2,708,000

$
$
$
$
$
$

Process Unit
D-PO-101
Subtotal

Quantity (lb)
5,846,000
5,846,000

$
$

Cost
3,410,000.00
3,410,000.00

Total

$

6,485,000.00
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Cost

1.17
233.70
4,675.00
75,290.00
0.35
7.43
203.00
212.90
262,400.00
3,346.00
1,255.00
2,091.00
1,255.00
1,255.00
61,700.00
22,960.00
14,580.00
3,903.00
3,903.00
3,903.00
694.40
694.40
694.40
694.40
694.40
1,226.00
1,326.00
694.40
694.40
694.40
694.40
694.40
694.40
694.40
694.40
694.40
694.40
694.40
694.40
694.40
478,200.00

77,420.00
4,339.00
244,400.00
64,120.00
0.14
390,300.00
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FERMENTORS

LABORATORY-SCALE PRE-SEED FERMENTORS (U-SF-50X, U-SF-40X, U-SF-30X)
One mL of inoculum containing the Schizochytrium organism is fed into a U-SF-50X preseed fermentor: 300 mL (0.011 ft3) Erlenmeyer flask. The Erlenmeyer flask is then charged with
187.5 mL (0.0066 ft3) of growth media. When the inoculum is introduced to the Erlenmeyer flasks,
the Schizochytrium concentration is diluted to 3.03*108 cells/ft3; after a 48 hour fermentation
period, the cell multiply to a concentration of 1.12*1012 cells/ft3. The Erlenmeyer flask is
constructed of standard Pyrex glass, and a positive pressure of 22.00 psia is maintained via the
air compressor system, which feeds in air at a rate of 1 vvm. The Erlenmeyer flask rests upon an
orbital shaker, which provides swirls the vessel and provides the agitation necessary for oxygen
to reach the media contents. The total bare module cost of a U-SF-50X Erlenmeyer flasks is $2,175.
Contents of the Erlenmeyer are then fed sterilely via a special transfer device to the U-SF40X pre-seed New Brunswick BioFlo 110 Fermentor. Cell concentrations are diluted to 5.66*1010
cells/ ft3 after addition of growth media to a total broth volume of 0.124 ft3. Over the course of
two days, the cells grow to a concentration of 1.12*1012 cells/ft3. The NB BioFlo 110 is constructed
from stainless steel 316, a corrosion-resistant, rust-resistant material. The vessel contains
impellers to agitate broth and increase aeration. Air is fed in via compressor at 0.64 lb/hr (1 vvm)
at a pressure of 44.1 psia. The total bare module cost of a NB BioFlo 110 Fermentor is $7,500, and
the three of them cost $22,500.
Contents of the NB BioFlo 110 are transferred via pressure differential to the U-SF-30X
pre-seed fermentor, which has a vessel volume of 4.414 ft3. The vessel diameter is 1.12 ft and the
vessel height is 3.77 ft. Upon transfer, the cells are then diluted through media introduction until
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the broth volume is 2.649 ft3; the cell concentration is 5.66*1010 cells/ ft3, and the cells grow for a
period of 48 hours until they reach an optimal density of 1.12*1012 cells/ft3. The broth is agitated
via a three-impeller configuration of configuration SAS: from top to bottom, this configuration
consists of a 6-Straight blade disc turbine (6-SBDT), a 6-Arrow-blade disc turbine (6-ABDT), and
another 6-Straight blade disc turbine (6-SBDT). Each agitator has a diameter of 0.34 ft and is 0.01
hp. The U-SF-30X fermentor is constructed of stainless steel 316 for rust and corrosion prevention.
Air is fed in through a sparger by the air compressor system at a rate of 12.80 lb/hr (1 vvm) at a
pressure of 45.7 psia. Chilled water is fed at a rate of 84.60 lb/hr through an external cooling
jacket system to maintain the operating temperature at 77 ºF. The total bare module cost for the
U-SF-30X pre-seed fermentors, including the agitator system, is $165,200.
All pre-seed fermentors (U-SF-50X, U-SF-40X, U-SF-30X) are operated under laboratory
conditions at 77 ºF. The growth media for the fermentors consists of 6.24 lb/ft3 glycerol, 0.312
lb/ft3 corn steep solids, 0.062 lb/ft3 ammonium acetate, and 0.56 lb/ft3 sodium chloride.
Ammonium acetate is used to maintain the pH at 6.8. Waste gases leave the fermentors via the
laboratory hood. The total bare module cost for the nine laboratory-scale pre-seed is $189,900,
and the laboratory-scale process for a single batch takes approximately 6 days to complete.

PROCESS-SCALE PRE-SEED FERMENTORS (U-SF-20X)
Contents of the U-SF-30X fermentor is transferred via pressure differential into the
process-scale U-SF-20X fermentor, where the cells are diluted to a concentration of 5.66*1010 cells/
ft3 through addition of media. Growth media consists of 6.24 lb/ft3 glycerol, 0.312 lb/ft3 corn steep
solids, 0.062 lb/ft3 ammonium acetate, and 0.56 lb/ft3 sodium chloride. Cells grow for 2 days until
they reach a concentration of 1.12*1012 cells/ft3. The total broth volume within the fermentor is
52.97 ft3. The fermentor itself has a vessel volume of 88.29 ft3, with a diameter of 3.05 ft, and a
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vessel height of 10.27 ft. The fermentor is constructed of stainless steel 316 lining to minimize rust
and corrosion. Air is fed into the fermentation through an air sparger at a rate of 1 vvm, or 256.6
lb air/hr. Waste gas is sent to the regenerative thermal oxidizer (U-RO-001) for disposal. A system
of three agitators in SAS configuration (see description for laboratory-scale pre-seed fermentors)
is used for aeration, with each agitator possessing 0.20 hp and a diameter of 0.93. Ammonium
acetate maintains the pH at a level of 6.8, and 41 ºF chilled water is fed through an external cooling
jacket at a rate of 1,692 lb/hr to maintain a temperature of 77 ºF. The total bare module cost of the
U-SF-20X pre-seed fermentor, including external cooling jacket and agitator system, is $149,400.
The combined total bare module cost for all three U-SF-20X type fermentor is $448,200.
SEED-FERMENTORS (U-SF-10X)
For sterility, pressure differential is used to transfer media from the U-SF-20X fermentor
to the U-SF-10X seed fermentor. Afterwards, growth media is pumped into the fermentor until a
broth volume of 1,059.4 ft3 is reached. The cell density is diluted to 5.66*1010 cells/ ft3, and cell
growth occurs over a period of 48 hours until cell densities reach a level of 1.12*1012 cells/ft3. The
growth media itself is composed of 6.24 lb/ft3 glycerol, 0.312 lb/ft3 corn steep solids, 0.062 lb/ft3
ammonium acetate, and 0.56 lb/ft3 sodium chloride. Each U-SF-20X fermentor has a total vessel
volume of 1,589.2 ft3, a vessel diameter of 8.20 ft, and a vessel height of 28.04 ft. The fermentor
lining is composed of stainless steel 316 for rust and corrosion prevention. Air is fed at a rate of 1
vvm, or 5,119 lb/hr at a pressure of 52.2 psia; waste gas is disposed of via the regenerative thermal
oxidizer (U-RO-001). Agitation is provided via an SAS system of agitators (see description for
laboratory-scale pre-seed fermentors), each of which is 4.0 hp and 2.36 ft in diameter. Ammonium
acetate is used to maintain the pH at a level of 6.8, and 41 ºF chilled water is fed through an
external cooling jacket at a rate of 33,837 lb/hr to maintain a temperature of 77 ºF. Overall, the
bare module cost for the fermentor is $641,700, and the three U-SF-10X fermentors cost $1,925,000.
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PRODUCTION FERMENTORS (U-PF-00X)
Contents of the U-SF-10X fermentor are fed to the U-PF-00X production fermentor via
pressure differential. Media is then fed into the production fermentor until the broth volume is
approximately 4,400 ft3. The media composition is 5.31 lb/ft3 glycerol, 3.12 lb/ft3 yeast extract,
with trace amounts of hydrochloric acid and ammonium hydroxide for buffer purposes. The
production fermentor itself is composed of stainless steel 316, and its volume is 9,888 ft3, its
diameter is 15.45 ft, and its vessel height is 52.8 ft. Air is fed through air spargers at a rate of 1
vvm, or 21,450 lb/hr at a pressure of 38.3 psia; waste gas is disposed of via the regenerative
thermal oxidizer (U-RO-001). Agitation is provided via an SAS system of agitators (see
description for laboratory-scale pre-seed fermentors), each of which is 26.4 hp and 4.46 ft in
diameter. Using the buffers within the system, pH is maintained at 6.8. Chilled water is fed in at
41 ºF to the external cooling jacket at a rate of 2.26*105 lb/hr to maintain a temperature of 77 ºF.
As opposed to the seed fermentors, the purpose of the production fermentors is to produce fatty
oils through nitrogen starvation; the fermentation process takes place over the 120 hours, and
nitrogen sources are completely depleted ~20 hours into the process. At this point, the cells grow
in mass and begin to produce large quantities of fatty oils, including docosahexaenoic acid
triglyceride. To ensure that carbon sources are not limiting, a 70% by weight solution of glycerol
is then periodically fed into the system to maintain a background glycerol concentration of ~0.78
lb/ft3 within the broth. A total of 193,300 lb of glycerol solution is fed into the fermentor over the
course of 100 hours (135,300 lb glycerol and 57,980 lb water). By the end of the oil production
process, the broth volume has increased to 7,063 ft3. A significant concentration of DHA is
produced: 21.26 g/L, or 1.33 lb/ft3. A total of 15,435 kg of biomass is produced, of which 2,667 kg
of DHA is produced per batch. The total bare module cost for a U-PF-00X production fermentor
is $1,623,000, and the bare module cost of three production fermentors is $4,870,000.
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AIR COMPRESSOR (U-CP-50X) & VACUUM PUMP/COMPRESSOR (D-CP-101)
The air compressor system feeds air to the seed fermentors at 44.1 psia and to the
production fermentors at 22.0 psia. Pressure within the seed fermentors is greater than the
pressure for the production fermentors as pressure differential is used to transfer contents of a
seed fermentor to the next, larger vessel, whereas pumps are used to transfer the contents of the
production fermentors to the downstream process. Control valves, pipes and pipe fittings, HEPA
filters, and air spargers within the various fermentors contribute to 14.7 psi (~1 bar) of pressure
drop from the air compressor system to the fermentors. The air compressor system requires a
max pressure generation of 59.5 psia, corresponding to the pressure required for the air feeding
into the U-SF-00X seed fermentors.
A single compression system with three parallel two-stage compressors was used to
provide the air flow into the 18 total fermentation vessels. Each air compressor system is two
stages with inter-stage cooling via cooling water. Air feeds into the system at ambient
temperature and enters the first stage, which has a brake horsepower of 405.9 hp. The first stage
compresses the air to a pressure of 27.6 psia and 204 ºF. A utilities stream of cooling water is used
to isobarically cool the exit air stream to 104 ºF. This stream then enters the second stage, with
brake horsepower of 473.4 hp, to compress air to 59.5 psia with an outlet temperature of 267 ºF.
Another cooling water stream is then used to isobarically cool the exit air stream to 104 ºF. The
total brake horsepower of the two-stage compressor is 879.3 hp, and the total bare module cost of
a two-stage compressor, including the two inter-stage coolers, is $1,400,000. The entire air
compression system for the process has a bare module cost of $4,200,000.
In the downstream, the D-CP-101 vacuum pump is the compressor that compresses the
lower vacuum gaseous hexane back to atmospheric pressure. The total bare module cost of the
vacuum pump is $80,200.
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REGENERATIVE THERMAL OXIDIZER (U-RO-001)
The U-RO-001 regenerative thermal oxidizer is used to destroy air pollutants or
contaminants from the exit gas streams of the upstream process. The thermal oxidizer uses a bed
of ceramic material to absorb heat from exhaust gas. The heat absorbed can then be used to
preheat the exit gas stream to temperatures of around 1500 ºF and a slight positive pressure of
22.0 psia. Extremely heat efficient, with upwards of 95% of heat recycled using its ceramic bed
material, the regenerative thermal oxidizer nonetheless requires a steady input of methane
hydrocarbon gas. Methane gas is then combusted to generate heat for the system that is lost due
to small thermal inefficiencies; the methane gas also heats up the process exhaust streams by ~100
ºF to the final temperature of 1500 ºF. The purchase cost of the regenerative thermal oxidizer was
determined using a correlation provided by our industry consultant, Dr. Bockrath, and the bare
module factor was assumed to be 1.5. The total bare module cost of the U-RO-001X regenerative
thermal oxidizer is $1,056,000.

WATER CHILLER (U-CH-001)
Chilling water is contained entirely within the plant itself within a closed-loop circuit that
feeds into the U-CH-001 water chiller. After heat transfer within the process, chilled water leaves
at 59 ºF, whereupon it travels through pipes to the water chiller. The water chiller uses
refrigeration to cool the warmed chilled water stream back down to 41 ºF. Therefore, the water
chiller runs in a continuous process, and requires 6.58*106 tons of refrigeration over the course of
one year. The purchase cost of the water chiller was determined via a correlation from Dr.
Bockrath, and the bare module factor was assumed to be 1.5. The total bare module cost of the UCH-001 water chiller was determined to be $600,400.
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STORAGE TANKS (U-ST-201, U-ST-101,U-ST-001,U-ST-002, D-ST-001, D-ST-101, D-ST-101, D-ST201, D-ST-202, D-ST-301)
Storage tanks were used for holding raw material feeds in both the upstream and
downstream process. The bare module cost was assumed to be 1.5. The tanks are constructed out
of stainless steel for food grade quality. Upstream, storage tanks were required for the storage of
charge media to the larger fermentors, specifically the U-SF-20X, U-SF-10X, and U-PF-00X
fermentors. In addition, the U-ST-002 storage tank stored charge 70% glycerol solution to be fed
to the production fermentors. All upstream storage tanks were designed to be able to hold three
batches worth of material, so that the three parallel batch processes would be satisfied.
In the downstream process, the D-ST-001 storage tank was used as a surge tank separating
the batch upstream process from the continuous downstream process. The flow rate out of this
storage tank was 8,361 lb/hr with components including water, glycerol, intact biomass. It has a
maximum volume of 800,000 liters and a working volume of 560,000. There are storage tanks
throughout the process to hold raw materials before they are pumped into the process. Storage
tanks are used for holding hexane (D-ST-101), sodium hydroxide (D-ST-201), and acetic acid (DST-202). The hexane holding tank has the same design as D-ST-001. The sodium hydroxide
storage tank is also used to dilute the 50% feed sodium hydroxide to 20% concentration; therefore,
agitators were required for mixing. A storage tank is also used to mix hexane with dried cells (DST-102) with similar design. Lastly, a storage tank is used to hold the final omega-3 fatty acid
product while the antioxidant abscorbyl palmitate was being added (D-ST-301) before sending
the product to the pack-out station (D-PO-301). The combined bare module cost of the storage
tanks is $2,033,000.
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PUMPS (U-PP-XXX, D-PP-XXX)
There is a total of 58 pumps needed in the process: 12 centrifugal pumps in the upstream
process and 46 centrifugal pumps in the downstream process. In the upstream, pumps are
required to transfer in media to the U-SF-20X, U-SF-10X, and U-PF-00X fermentors. In addition,
glycerol is charged into the U-PF-00X production fermentors during fermentation. the U-SF50X/40X/30X pre-seed fermentors are at laboratory scale, so direct feed via pumps from the large
storage tanks are not necessary. The pumps send the charge through U-HX-XXX HTST heat
exchangers, which sterilize the incoming material. Therefore, even though the pumps themselves
are not sterile, the material entering the fermentors will become sterilized.
The downstream process flow diagram only shows one pump between unit operations
for simplicity of the diagram. However, where there is one pump shown in the process flow
diagram, there should be installed two pumps in parallel. Dr. Bockrath made the suggestion to
run two pumps each at 75% in parallel so that when the main pump needs repair, there is still a
backup pump which can keep the continuous process going until the main one is repaired. The
double pump system is only included in the downstream because of its need to uphold a
continuous process. It is assumed that for the upstream process, if the pump broke in the middle
of a batch, the batch would not be sterile anymore. Thus, the pump would be replaced between
batches, and the other two parallel processes would continue to function as normal.
Calculation for the pump outlet pressures accounts for a 25 psia drop due to pump flow,
a 5 psia drop due to flow through heat exchangers, and pressure changes due to vessel liquid
heights. Pumps are made from cast iron for its rust-resistant properties. The motors within the
pumps are entirely enclosed, fan-cooled enclosures to protect against corrosive vapors, dust, or
moisture that may be present in the plant air. The total bare module cost of all the pumps was
$974,600.
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HEAT EXCHANGERS (U-HX-XXX, D-HX-XXX)
Heat exchangers operate within the process mainly by taking in cooling water to cool
down streams to optimal levels. The upstream heat exchangers (U-HX-20X, U-HX-10X, and UHX-00X) are high-temperature short time (HTST) skids. These skids function to sterilize media
and process water feed before these streams enter the fermentation vessels. This step is essential
in terms of quality and safety of the final product, as they inactivate viruses in the media. The
feed flows through pumps that send the material through the HTST skids for sterilization.
Though the pumps are not sterile, per se, the charge material becomes sterilized after traveling
through the HTST skids. Feed is heated up to a temperature of 216 ⁰F for a period of 10 seconds
before cooling water is used to bring the temperature back down to 99 ⁰F. The feed is then charged

into the various fermentors, and cooling water jackets bring down the temperature to 77⁰F for the
fermentation process itself. The heat exchangers use monel as construction, as due to the
relatively high operating temperatures, corrosion becomes from chloride ions become a concern
(United States of America Patent No. US5583019 A, 1996). These heat exchanger skids require two
forms of utilities: steam and cooling water. After consultation with Dr. Bockrath, it was assumed
that the heat exchanger skids managed to recycle 60% of the heat required to heat/cool down the
streams. The total bare module costs of all the U-HX-20X and U-HX-10X skids were $493,800, and
the cost of all the U-HX-00X skids was $2,646,000. The bare module cost of all the upstream HTST
skids was $3,634,000.
For the downstream process, the heat cools down the crude oil that has exited the wiped
film evaporator. The oil leaving the wiped film evaporator will be at 356 ⁰F. The heat exchanger
will have cooling water running through it to cool the oil down to 99 ⁰F. The bare module cost of

D-HX-201 is $64,700.
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CENTRIFUGES & HOPPER (D-CF-001, D-CF-101, D-HP-101)
Two centrifuges are used in the downstream process. The first centrifuge is a disc-stack
centrifuge (D-CF-001). The purpose of the disc stack centrifuge is to drain a majority of the water
and medium from the cells in order to have the remaining slurry be pumped to a spray dryer for
final moisture removal. The disc stack centrifuge has a bare module cost of $40,600. Dimensions
of the disk-stack centrifuge: length of 10.8 ft, width of 4.8 ft, and height of 8.5.
The second centrifuge is a basket centrifuge (D-CF-101). The reasoning behind using a
basket centrifuge for this section of the process is the emphasis on the need to remove as much of
the biomass as possible to prevent it from moving into the purification stage. The basket
centrifuge was suggested to have a slightly removal efficiency. The bare module cost is $20,300.
Dimensions of the basket centrifuge: length of 7.3 ft, width of 5.6 ft, and height of 5 ft.
A hopper (D-HP-101) is used to facilitate the disposal of the hexane and biomass mixture.
The hexane and biomass mixture is considered flammable solids. It is important to control the
smells and flammability, so a hopper is used to safely collect and transport the flammable solids
to its specialty waste pack out station (D-PO-101). The cost of the hopper was assumed to be
minimal, per discussion with Dr. Bockrath, and included with the purchase cost of the basket
centrifuge.
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SPRAY DRYER (D-SD-001)
A spray dryer (D-SD-001) is used to remove the leftover water and moisture from the cells
before they are mixed with the hexane solvent. The spray dryer functions by blowing hot air
upwards to evaporate the water from the cells. To create the hot air, air is run through a heat
exchanger while steam is applied on the other side of the tubes. The heat exchanger is part of the
spray unit itself and thus included in the cost.
Combined in the spray dryer unit is a conveyor belt system that moves the dried cells
from the spray dryer to the hexane and cell mixing tank (D-ST-102). The conveyer belt system is
included in the purchase cost of the spray dryer unit. The dried cells leaving the spray dryer will
be at a temperature of about 176 ⁰F and therefore need to be cooled before mixing with hexane.

As advised by Dr. Bockrath, industry standard was followed to have a jacket on the conveyor
system that has cooling tower water flowing through it to cool the cells. The water vaporizing
capacity is 771.6 lb/hr, and its maximum material processing capacity is 2,024 lb/hour. The total
bare module cost of the spray dryer is $1,060,000.

BEAD MILL (D-BM-101)
A bead mill (D-BM-101) is included in the downstream process to facilitate crude oil
extraction from the cells by mechanical crushing. This bead mill is a slurry bead mill with the
slurry of hexane and cells passing through it. The slurry will run through the bead mill multiple
times continuously to optimize the process to achieve 90% disruption of biomass. To allow for
the slurry to run through the bead mill multiple times, multiple recycle loops of hexane from the
D-FE-101 flash evaporator and D-WF-101 wiped film evaporator feed back into the hexane
storage tank to reenter the bead mill. Moreover, the bead mill itself contains 70% recycle loop
stream to further increase recycling and improve cell disruption. The bead mill has a capacity of
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9.18 ft3. The bead mill’s functionality causes it to be extremely exothermic. A cooling water stream
runs through the bead mill to help keep temperatures steady. The bare module cost of the bead
mill is $676,400.

PACK OUT STATIONS (D-PO-101, D-PO-301)
The two stainless steel pack out stations included in the downstream process have
different purposes and destinations. The first pack out station (D-PO-101) has the purpose of
facilitating the disposal of the flammable hexane and biomass mixture. The mixture of hexane
and biomass will leave the basket centrifuge (D-CF-101), be collected in a hopper (D-HP-101), and
then transported to the pack out station. In the pack out station, the flammable waste will be
packed into drums. These drums will later be picked up by waste management personnel to be
transported to where such flammable waste is incinerated. There will be a total of 8 drums, but
they will be recycled upon emptying and delivered back to our plant. A pack out station contains
a storage tank, scale, manifold set for loading multiple cylinders, enclosure, and complete
controls. It will handle a flow rate of 740 lb/hr at a temperature of 99 ⁰F. This pack out station’s
bare module cost is $277, 500.

The second pack out station is at the very end of the downstream process (D-PO-301). The
purpose of this station is to package the final product into pharmaceutical grade drums to then
be shipped out to buyers. About 30 of these tank drums will be purchased for the pack out station.
The design will differ slightly from the aforementioned pack out station (D-PO-101), but the
prices will be considered the same. Tank drums for both pack out stations are included with the
purchase cost of the stations, as they will be recycled by the clients back to our plant. The total
bare module cost of the pack out stations is $555,000.
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FILTERS (D-FR-101, D-FR-301)
The purpose of the filters in the process is the general removal of liquid and solid materials.
The cartridge filter (D-FR-101) in the process is placed after the basket centrifuge (D-CF-101). The
basket centrifuge is meant to remove a majority of the crushed and intact biomass of the cells.
The stream moving into the D-FT-101 cartridge filter should only contain about 12 lb/hr of
biomass after passing the centrifuge, and the cartridge filter will help reduce that mass flow to
less than 0.15 lb/hr. Therefore, only very little biomass will be left in the oil/hexane mixture as it
moves to hexane extraction.
The second filter in the process is the lamella filter (D-CF-301). The lamella filter has the
purpose of removing the extra water and moisture materials left in the oil product before being
packaged. The filter has filter plates within it that water attaches to and leaves through a small
purge stream (D-S-303). It is desired to have the oil as pure as possible. The lamella filter is the
final separation of unneeded materials before antioxidants are added and the final product is
packaged. The bare module cost of the D-FR-101 cartridge filter is $898,000 and the bare module
cost of the D-FR-301 lamella filter is $123,000. The total bare module cost for the two filters is
$1,022,000.

FLASH EVAPORATOR & WIPED FILM EVAPORATOR SYSTEM (D-FE-101, D-WF-101), &
CONDENSERS (D-CD-101, D-CD-102)
While the hexane was useful earlier in the process to help extract the oils form the cells, it
cannot be included in the final product and must be completely removed. The flash evaporator
(D-FE-101) functions with the wiped film evaporator (D-WF-101) to remove the hexane from the
oil mixture. The flash evaporator heats up to a temperature of 356⁰F to evaporate the hexane. The
heat is generated through steam pipes flowing though the evaporator tank. There is also a purge
stream (D-S-116) leaving the tank which comprises of the build-up of cell biomass that has
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collected on the bottom during its general residence time of 30 minutes. The gaseous hexane is
condensed in condenser (D-CD-102), which is cooled using cooling water, and is pumped to
recycle back the hexane to storage tank D-ST-101. The remaining oil and small amounts of hexane
mixture moves onto the wiped film evaporator. The total bare module cost of the D-CD-101
condenser is $74,500, and the total bare module cost of the D-CD-102 $975,400.
The wiped film evaporator (D-WF-101) removes the last bits of hexane from the oil
mixture before it moves to purification by operating at a very low pressure of only 0.0044 psia.
The gaseous hexane moves through a vacuum pump (D-CP-101) to compress it back to
atmospheric pressure before it moves to a condenser (D-CD-101) and is pumped back into the
hexane storage tank (D-ST-101). The remaining crude algal oil then exits the wiped film
evaporator and moves onto the purification part of the process. The bare module cost of the DFR-101 flash evaporator is $33,900 and the cost of the D-FR-301 wiped film evaporator is $539,100.

SCHEIBEL EXTRACTION COLUMNS (D-SC-201, D-SC-202)
The two Scheibel extraction columns (D-SC-201 and D-SC-202) are for the purpose of
liquid-liquid extraction. These columns have high efficiencies due to internal baffling with
reasonable capacity. The heavy phase enters into the top of the column while the light phase
enters through the bottom. Inside the column shaft works with a turbine impeller and horizontal
inner and outer baffles to mix the reactants. The extraction is dependent on physical properties
where the ending heavy phase comes out the bottom of the column while the ending light phase
exits through the top.
In the first Scheibel column (D-SC-201), 20% sodium hydroxide solution enters as the
heavy phase component and the recently cooled crude algal oil enters as the light phase. The
Scheibel column aids in the saponification reaction and separates the resulting products. The
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unsaponified materials exit from the top of the column and are pumped to waste (D-PP-203). The
saponified material along with excess sodium hydroxide solution will flow out the bottom to be
pumped into the bottom of the second column. The second column has 50% acetic acid solution
enter from the top and reacts with the saponified material and sodium hydroxide, forming the
product fatty acid, waste sodium acetate, water, and excess acetic acid. Both columns will have
excess sodium hydroxide and acetic acid flowing through them to drive both reactions to
completion. Both saponification and the acid/base reaction will release heat; therefore, both
Scheibel columns have jackets with cooling water running through them for temperature
regulation. The bare module cost of the two Scheibel columns is $426,000.

CIP (CLEAN-IN-PLACE) and SIP (STEAM-IN-PLACE)
Clean-In-Place system is used to guarantee a FDA approved sanitization process. To
assure that the fermenters keep sanitized both mechanically and chemically, CIP System with
three tanks and one channel is selected. The CIP system prepares washing pumping cold water
in to Rinse Tank from Water stream, and by diluting the detergent. The detergent “CIP-100” is
chosen for the DHA production system as it widely used to satisfy FDA requirements for food
and supplements. Batch-stored in the Concentrated Detergent Tank, the concentrated detergent
is pumped into Dilute Detergent Tank and is mixed with water to dilute it to 2% concentration.
The pump recycles the fluid in Detergent Tank and the heat exchanger heats it up to assure the
concentration stays at 2%. The ratio of concentrated detergent needed to clean a gal of vessel is
1/1500, considering that the CIP system performs full-recovery For example, one complete
production line of 4 seed fermentors and 1 production fermentor has a total of 8656 gal volume.
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The minimum amount of detergent needed to clean is 5.77 gal of concentrated detergent mixed
with 282.71 gal of water in Dilute Detergent Tank
CIP is piped to each fifteen of seed fermenters and production fermenters; each fermentor
has CIP Supply and CIP Return pipe to pump in rinsing fluid and pump it back out for recovery.
It, however, has only one spray ball to reduce the cost. Once CIP is done in a fermentor, a spray
ball is detached and installed to the next fermentor. The removal and installation process takes
an hour.
CIP system first pumps in cold water from the Rinse Tank to the fermentor to pre-rinse
through the CIP Supply stream. The step moistens the interior surface of the tank and
mechanically removes residue. The used water is pumped back in to Recovery Tank through CIP
Return stream and is recycled throughout the pre-rinse step. After the rinse, all fluid is drained
from the fermentor and is pumped back to the rinse tank.
Afterwards, CIP performs detergent wash through the CIP Supply stream to chemically
remove any remaining dirt. CIP pumps in diluted detergent water from Dilute Detergent Tank
and rinses the fermentor thoroughly. The used diluted detergent water is pumped back in to
Recovery Tank through CIP Return stream and is recycled throughout the pre-rinse step. After
the rinse, all fluid is drained from the fermentor and is pumped back to the Dilute Detergent Tank.
Finally, CIP system pumps in cold water again from the Rinse Tank to the fermentor to
post-rinse through the CIP Supply stream. The step washes away chemical remnants from
detergent. The used water is pumped back in to Recovery Tank through CIP Return stream and
is recycled throughout the post-rinse step. After the rinse, all fluid is drained from the fermentor
and is pumped back to the rinse tank.
Each of the three steps (pre-rinse, detergent wash, post-rinse) takes 3 hours of washing
and 40 mins of draining (5 hours in total). To ensure the quality of hygiene, CIP repeats the whole
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process three times. In every step, CIP throws away 10% of the fluid used to drain stream. After
one complete production line is cleaned, all fluid in the tank is drained and refilled fresh.
The total bare module cost of an entire Clean-In-Place system, which includes all pipes, pumps,
valves, and heat exchangers, is $500,000. For detergent price, a total of 865.5 gal of CIP-100 is used
annually. As CIP-100 costs $60.57 per gallon, it costs $52,430 to supply the concentrated detergent
for a year.
Steam-In-Place does not require special equipment, only extra valves and pipes to deliver
steam to the fermentors. The bare module cost is $300,000, including the installation of these
valves and pipes.
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16.

UNIT SPECIFICATION SHEETS

NOTE ON UNIT SPECIFICATION SHEETS:
Detailed assumptions and calculations for the following specification sheets may be found
in Appendix A covering equipment. Per Prof. Seider’s suggestions, a total of four significant
digits were used for rounded costing figures of the utilities and equipment. In the assumptions
section itself, however, the figures were left unrounded so calculations would be easier to follow.

UPSTREAM EQUIPMENT

PRE-SEED FERMENTOR

Pre-seed Fermentor
U-SF-50X (501-503)
3

Identification

Item
Item No.
No. Required

Function
Operation
Type
Materials Handled
(per batch basis)

Initial growth of Schizochytrium from inoculum
Fed-Batch
Erlenmeyer Flask
Temperature (°F)
77
Mass In (lb)
Water
0.41
Biomass
0.0000161
Glycerol
0.041
Corn Steep Solids
0.0021
Ammonium Acetate
0.00041
Sodium Chloride
0.0037
Air Fed (lb/hr)

Design Data

Cost of utilities/yr
Purchase Cost
Bare Module Cost
Associated Costs
Total Bare Module Cost
Comments

Mass Out (lb)
0.41
0.0029
0.0082
0.00042
0.00041
0.0037

0.032
Material of Construction
Pyrex glass
3
Vessel Volume (ft )
0.0106
Pressure at broth level (psia)
22.00
$
Minimal
$
300.00
$
450.00
Orbital Shaker
$
275.00 (bare module)
$
725.00
Cost includes orbital shaker upon which the Erlenmeyer sits.
Detailed assumptions can be found in A-34

77

UNIT SPECIFICATION SHEETS - UPSTREAM

PRE-SEED FERMENTOR
Identification

Item
Item No.
No. Required

Function
Operation
Type
Materials Handled
(per batch basis)

Growth of Schizochytrium
Fed-Batch
Stirred-Tank Reactor
Temperature (°F)
Water
Biomass
Glycerol
Corn Steep Solids
Ammonium Acetate
Sodium Chloride
Air Fed (lb/hr)

Design Data

Cost of utilities/yr
Purchase Cost
Total Bare Module Cost
Comments

Pre-seed Fermentor
U-SF-40X (401-403)
3

77
Mass In (lb)
8.27
0.0029
0.83
0.041
0.0083
0.074

Mass Out (lb)
8.27
0.057
0.166
0.0082
0.0083
0.074

0.64
Stainless Steel 316
0.265
0.96
1.63
0.124
As specified
44.1
$
Minimal
$
5,000.00
$
7,500.00
The SF-40x line of fermentors are purchased as New Brunswick
BioFlo 110 Fermentors, as per the papers consulted. Dimensions
given are the non-jacketed vessel dimensions for assembly.
Assume purchase cost include installation, etc, and equals bare
module cost.
Detailed assumptions can be found in A-34.
Material of Construction
Vessel Volume (ft3)
Vessel Diameter (ft)
Vessel Height (ft)
Broth Volume (ft3)
Impeller Diameter (ft)
Pressure at broth level (psia)
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PRE-SEED FERMENTOR
Identification

Item
Item No.
No. Required

Function
Operation
Type
Materials Handled
(per batch basis)

Growth of Schizochytrium
Fed-Batch
Stirred-Tank Reactor
Temperature (°F)
Water
Biomass
Glycerol
Corn Steep Solids
Ammonium Acetate
Sodium Chloride
Air Fed (lb/hr)

Design Data

Cost of utilities/yr
Purchase Cost
Bare Module Cost
Associated Costs
Total Bare Module Cost
Comments

Pre-seed Fermentor
U-SF-30X (301-303)
3

77
Mass In (lb)
165.35
0.057
16.54
0.83
0.17
1.449

Mass Out (lb)
165.35
1.14
3.31
0.166
0.17
1.449

12.80
Material of Construction
Stainless Steel 316
3
Vessel Volume (ft )
4.414
Vessel Diameter (ft)
1.12
Vessel Height (ft)
3.77
Broth Volume (ft3)
2.649
0.34
Impeller Diameter (ft)
44.1
Pressure at broth level (psia)
45.7
Pressure at vessel base (psia)
1066
Heat Load (Btu/hr)
Chilled Water Fed (lb/hr)
84.60
304.5 tons of refrigeration
$
18.53
5.79 kWh electricity
$
0.39
$
13,030.00
$
54,210.00
Agitator System (each 0.01 hp)
$
850.00 (bare module)
$
55,060.00
Pressure calculations assuming broth density approximated as that
of water. For agitator pricing, assume range of hp (2-60) valid for
the specified agitator system.
Assume 70% efficiency of heat transfer for chilled water system
Detailed assumptions can be found in A-34.
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UNIT SPECIFICATION SHEETS - UPSTREAM

PRE-SEED FERMENTOR
Identification

Item
Item No.
No. Required

Function
Operation
Type
Materials Handled
(per batch basis)

Growth of Schizochytrium
Fed-Batch
Stirred-Tank Reactor
Temperature (°F)
Water
Biomass
Glycerol
Corn Steep Solids
Ammonium Acetate
Sodium Chloride
Air Fed (lb/hr)

Design Data

Cost of utilities/yr
Purchase Cost
Bare Module Cost
Associated Costs
Total Bare Module Cost
Comments

Pre-seed Fermentor
U-SF-20X (201-203)
3

77
Mass In (lb)
3,306.9
1.14
330.7
16.54
3.31
29.8

Mass out (lb)
3,306.9
22.8
66.14
3.304
3.31
29.8

256.6
Material of Construction
Stainless Steel 316
3
Vessel Volume (ft )
88.29
Vessel Diameter (ft)
3.05
Vessel Height (ft)
10.27
Broth Volume (ft3)
52.97
0.93
Impeller Diameter (ft)
44.1
Pressure at broth level (psia)
46.8
Pressure at vessel base (psia)
21,317
Heat Load (Btu/hr)
Chilled Water Fed (lb/hr)
1,692
6091 tons of refrigeration
$
370.60
1,158 kWh electricity
$
77.92
$
34,780.00
$
144,700.00
Agitator System (each 0.20 hp)
$
4,700.00 (bare module)
$
149,400.00
Pressure calculations assuming broth density approximated as that
of water. For agitator pricing, assume range of hp (2-60) valid for
the specified agitator system.
Assume 70% efficiency of heat transfer for chilled water system
Detailed assumptions can be found in A-34.
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UNIT SPECIFICATION SHEETS - UPSTREAM

SEED FERMENTOR

Identification

Item
Item No.
No. Required

Function
Operation
Type
Materials Handled
(per batch basis)

Growth of Schizochytrium
Fed-Batch
Stirred-Tank Reactor
Temperature (°F)
Water
Biomass
Glycerol
Corn Steep Solids
Ammonium Acetate
Sodium Chloride
Air Fed (lb/hr)

Design Data

Cost of utilities/yr
Purchase Cost
Bare Module Cost
Associated Costs
Total Bare Module Cost
Comments

Seed Fermentor
U-SF-10X (101-103)
3

77
Mass In (lb)
66,140
22.8
6,614
330.7
66.1
595.2

Mass Out (lb)
66,140
456.4
1,323
66.14
66.1
595.2

5,119
Material of Construction
Stainless Steel 316
Vessel Volume (ft3)
1,589.2
8.20
Vessel Diameter (ft)
28.04
Vessel Height (ft)
3
1,059.4
Broth Volume (ft )
2.36
Impeller Diameter (ft)
44.1
Pressure at broth level (psia)
52.2
Pressure at vessel base (psia)
4.26*105
Heat Load (Btu/hr)
Chilled Water Fed (lb/hr)
33,837
1.22*105 tons of refrigeration
$
7,412.00
23,161 kWh electricity
$
1,560.00
$
148,000.00
$
615,700.00
Agitator System (each 4.0 hp)
$
26,000.00 (bare module)
$
641,700.00
Pressure calculations assuming broth density approximated as that
of water
Assume 70% efficiency of heat transfer for chilled water system
Detailed assumptions can be found in A-34.
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UNIT SPECIFICATION SHEETS - UPSTREAM

PRODUCTION FERMENTOR

Production Fermentor
U-PF-00X (001-003)
3

Identification

Item
Item No.
No. Required

Function
Operation
Type
Materials Handled
(per batch basis)

Production of docosahexaenoic acid
Fed-Batch
Stirred-Tank Reactor
Temperature (°F)
77
Mass In (lb)
Mass Out (lb)
Water
236,000
292,000
Biomass (incl. DHA)
456.4
34,020
Docosahexaenoic Acid
Negligible
5,879
Glycerol
24,430
5,512
Yeast Extract
15,270
0
Corn Steep Solids
66.1
0
Ammonium Acetate
66.1
0
Sodium Chloride
595
595
Hydrochloric Acid
Trace
Trace
Ammonium Hydroxide
Trace
Trace
Air Fed (lb/hr)
21,330
Glycerol Fed (lb/hr)
1,353
Water Fed (lb/hr)
579.8
Material of Construction
Stainless Steel 316
3
Vessel Volume (ft )
9,888
15.45
Vessel Diameter (ft)
52.8
Vessel Height (ft)
3
7,063
Broth Volume (ft )
4.46
Impeller Diameter (ft)
22.0
Pressure at broth level (psia)
38.3
Pressure at vessel base (psia)
2.84*106
Heat Load (Btu/hr)
Chilled Water Fed (lb/hr)
2.26*105
2.03*106 tons of refrigeration
$
123,500.00
5
3.73*10 kWh electricity
$
25,080.00
$
371,830.00
$
1,547,000.00
Agitator System (each 26.4 hp)
$
76,500.00 (bare module)
$
1,624,000.00
Pressure calculations assuming broth density approximated as that
of water; Assume 70% efficiency of heat transfer for chilled water
system
Detailed assumptions can be found in A-34.

Design Data

Cost of utilities/yr
Purchase Cost
Bare Module Cost
Associated Costs
Total Bare Module Cost
Comments
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UNIT SPECIFICATION SHEETS - UPSTREAM

MEDIA STORAGE TANK

Storage Tank
U-ST-201
1

Identification

Item
Item No.
No. Required

Function
Operation
Type
Steam ID

Holds sterilized media before charging to U-SF-20X
Batch
Cone Roof
Stream In
Streams Out
U-S-201
U-S-202
U-S-203
U-S-204
14.7
73

Pressure
Temperature (°F)
Materials Contained
(mass fraction)

Design Data

Purchase Cost
Total Bare Module Cost
Comments

Water
Glycerol
Corn Steep Solids
Ammonium Acetate
Sodium Chloride

0.897
0.090
0.004
<0.001
<0.001
Material of Construction
Stainless Steel 316
3
Maximum Volume (ft )
264.9
3
Working Volume (ft )
158.9
$
12,520.00
$
18,780.00
Assume bare module factor, Fbm = 1.5.
Detailed assumptions can be found in A-43.
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UNIT SPECIFICATION SHEETS - UPSTREAM

MEDIA STORAGE TANK

Storage Tank
U-ST-101
1

Identification

Item
Item No.
No. Required

Function
Operation
Type
Steam ID

Holds sterilized media before charging to U-SF-10X
Batch
Cone Roof
Stream In
Streams Out
U-S-101
U-S-102
U-S-103
U-S-104
14.7
73

Pressure
Temperature (°F)
Materials Contained
(mass fraction)

Design Data

Purchase Cost
Total Bare Module Cost
Comments

Water
Glycerol
Corn Steep Solids
Ammonium Acetate
Sodium Chloride

0.897
0.090
0.004
<0.001
<0.001
Material of Construction
Stainless Steel 316
3
Maximum Volume (ft )
4,767.6
3
Working Volume (ft )
3,178.2
$
55,130.00
$
82,690.00
Assume bare module factor, Fbm = 1.5
Detailed assumptions can be found in A-43.
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UNIT SPECIFICATION SHEETS - UPSTREAM

MEDIA STORAGE TANK

Storage Tank
U-ST-001
1

Identification

Item
Item No.
No. Required

Function
Operation
Type
Steam ID

Holds sterilized media before charging to production fermentors
Batch
Cone Roof
Stream In
Stream Out
U-S-001
U-S-003
U-S-004
14.7
U-S-005
73

Pressure (psia)
Temperature (°F)
Materials Contained
(mass fraction)

Design Data

Purchase Cost
Total Bare Module Cost
Comments

Water
Glycerol
Yeast Extract
Hydrochloric Acid
Ammonium Hydroxide
Material of Construction
Tank Volume (ft3)
Working Volume (ft3)

0.856
0.089
0.055
<0.001
<0.001
Stainless Steel 316
20,055
14,038.5
$
115,200.00
$
172,800.00
Assume bare module factor, Fbm = 1.5
Detailed assumptions can be found in A-43.
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UNIT SPECIFICATION SHEETS - UPSTREAM

GLYCEROL STORAGE TANK

Storage Tank
U-ST-002
1

Identification

Item
Item No.
No. Required

Function
Operation
Type
Steam ID

Pressure (psia)
Temperature (°F)

Holds sterilized glycerol before charging to production fermentors
Fed-Batch
Cone Roof
Stream In
Stream Out
U-S-002
U-S-006
U-S-007
14.7
U-S-008
73

Materials Contained
(mass fraction)

Water
Glycerol

Design Data

Purchase Cost
Total Bare Module Cost
Comments

0.300
0.700
Material of Construction
Stainless Steel 316
Tank Volume (ft3)
24,066.0
3
Working Volume (ft )
16,843.2
$
126,500.00
$
189,700.00
Assume bare module factor, Fbm = 1.5.
Detailed assumptions can be found in A-43.
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UNIT SPECIFICATION SHEETS - UPSTREAM

PUMP MEDIA TO SEED FERMENTOR

Pump
U-PP-20X (201-203)
3

Identification

Item
Item No.
No. Required

Function
Operation
Type
Steam ID

Pump media into U-SF-20X seed fermentors
Continuous
Centrifugal, 3600 RPM, VSC, 75 HP
Stream In
Stream Out
U-S-20X (202-204)
U-S-20X (205-207)

Pressure (psia)

14.7

Design Data

Cost of utilities/yr
Purchase Cost
Bare Module Cost
Associated Costs
Total Bare Module Cost
Comments

76.8
Material of Construction
Cast Iron
Flow Rate (gpm)
50
Pump Head (ft)
200.9
Brake Horsepower (hp)
5.77
1.73 kWh electricity
$
0.12
$
4,128.00
$
13,620.00
Motor
$
2,340.00 (bare module)
$
15,960.00
Totally enclosed with a fan-cooled motor enclosure
Pressure heads accounting for 25 psi loss in pipe flow, along with
pressure exerted by broth in fermentor.
Detailed assumptions can be found in A-39.
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UNIT SPECIFICATION SHEETS - UPSTREAM

PUMP MEDIA TO SEED FERMENTOR

Pump
U-PP-10X (101-103)
3

Identification

Item
Item No.
No. Required

Function
Operation
Type
Steam ID

Pump media into U-SF-10X seed fermentors
Continuous
Centrifugal, 3600 RPM, VSC, 75 HP
Stream In
Stream Out
U-S-10X (102-104)
U-S-10X (105-107)

Pressure (psia)

14.7

Design Data

Cost of utilities/yr
Purchase Cost
Bare Module Cost
Associated Costs
Total Bare Module Cost
Comments

82.2
Material of Construction
Cast Iron
Flow Rate (gpm)
50
Pump Head (ft)
213.4
Brake Horsepower (hp)
6.13
36.8 kWh electricity
$
2.57
$
4,127.00
$
13,620.00
Motor
$
2,390.00 (bare module)
$
16,010.00
Totally enclosed with a fan-cooled motor enclosure
Pressure heads accounting for 25 psi loss in pipe flow, along with
pressure exerted by broth in fermentor.
Detailed assumptions can be found in A-39.
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UNIT SPECIFICATION SHEETS - UPSTREAM

PUMP MEDIA TO PRODUCTION FERMENTOR

Pump
U-PP-001 (001-003)
3

Identification

Item
Item No.
No. Required

Function
Operation
Type
Steam ID

Pump media into production fermentor
Continuous
Centrifugal, 3600 RPM, VSC, 75 HP
Stream In
Stream Out
U-S-00X (003-005)
U-S-0XX (009-011)

Pressure (psia)

14.7

Design Data

Cost of utilities/yr
Purchase Cost
Bare Module Cost
Associated Costs
Total Bare Module Cost
Comments

68.3
Material of Construction
Cast Iron
Flow Rate (gpm)
550 (1 hour total per batch)
Pump Head (ft)
123.6
Brake Horsepower (hp)
23.82
1006.1 kWh electricity
$
70.42
$
5,987.00
$
19,760.00
Motor
$
5,349.00 (bare module)
$
25,110.00
Totally enclosed with a fan-cooled motor enclosure
Pressure heads accounting for 25 psi loss in pipe flow, along with
pressure exerted by broth in fermentor.
Detailed assumptions can be found in A-39.
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UNIT SPECIFICATION SHEETS - UPSTREAM

PUMP GLYCEROL TO PRODUCTION FERMENTOR

Pump
U-PP-00X (004-006)
3

Identification

Item
Item No.
No. Required

Function
Operation
Type
Steam ID

Pump glycerol into production fermentor
Continuous
Centrifugal, 3600 RPM, VSC, 75 HP
Stream In
Stream Out
U-S-01X (012-014)
U-S-00X (006-008)

Pressure (psia)

68.3
Cast Iron
50 (400 min.total per batch)
104.6
3.5
$
73.82
$
4,184.00
$
13,810.00
Motor
$
2,048.00 (bare module)
$
15,790.00
Totally enclosed with a fan-cooled motor enclosure
Pressure heads accounting for 25 psi loss in pipe flow; density of
fluid calculated using weighted average of 70% glycerol, 30% water
Detailed assumptions can be found in A-39.

Design Data

Cost of utilities/yr
Purchase Cost
Bare Module Cost
Associated Costs
Total Bare Module Cost
Comments

14.7
Material of Construction
Flow Rate (gpm)
Pump Head (ft)
Brake Horsepower (hp)
1,054.6 kWh electricity
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UNIT SPECIFICATION SHEETS - UPSTREAM

AIR COMPRESSOR SYSTEM

Air Comp. System
U-CP-50X (501-503)
3

Identification

Item
Item No.
No. Required

Function
Operation
Type
Steam ID

Compress air for seed fermentors and production fermentors
Continuous
2-stage Centrifugal
Stream In
Streams Out
U-S-501
U-S-510
U-S-214
U-S-502
U-S-511
U-S-215
U-S-504
U-S-512
U-S-216
U-S-407
U-S-114
U-S-408
U-S-115
U-S-409
U-S-116
U-S-307
U-S-024
U-S-308
U-S-025
U-S-309
U-S-026
21,330

Air Flow Rate, max (lb/hr)
Temperature (°F)
Pressure, max (psia)
Design Data

Cost of utilities/yr

Purchase Cost
Total Bare Module Cost
Comments

73
14.7
Construction Material
Max Power Consumed (hp)
Drive Type
Max Cooling Duty (BTU/hr)
1.30*106 kw-hr electricity
132,700 tons of cooling water
HEPE filter change

104
59.5
Cast Iron/ Carbon Steel
879.3
Electric
1.942 * 106
$
87,750.00
$
3,057.00
$
500,000.00
$
651,200.00
$
1,400,000.00
Pressure max calculated with N-1 seed fermentor specifications:
14.7(3 bar,a + 0.55 bar,a + 0.5 bar,a) = 59.5 psia. Max air flow rate
given by that of the production fermentor
When sizing, use 150% air flow required for production fermentor
Detailed assumptions can be found in A-25.
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UNIT SPECIFICATION SHEETS - UPSTREAM

REGENERATIVE THERMAL OXIDIZER

Thermal Oxidizer
U-RO-001
1

Identification

Item
Item No.
No. Required

Function
Operation
Type
Steam ID

Destroy air pollutants from exhaust streams
Continuous
Regenerative Thermal Oxidizer
Stream Out
Streams In
US-031
U-217
U-218
U-219
U-117
U-118
U-119
U-027
U-028
U-029
U-030

Temperature (°F)
Pressure, max (psia)

1,500
22.0

Cost of utilities/yr
Purchase Cost
Bare Module Cost

9.08*105 lb methane

Total Bare Module Cost
Comments

$
79,510.00
$
703,700.00
$
1,056,000.00
$
1,056,000.00
Assuming a bare module factor of 1.5.
Detailed assumptions can be found in A-41.
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UNIT SPECIFICATION SHEETS - UPSTREAM

HEAT EXCHANGER

HTST Skid
U-HX-20X (201-203)
3

Identification

Item
Item No.
No. Required

Function
Operation
Type
Steam ID

Sterilize media entering U-SF-20X fermentors
Continuous
High-Temperature-Short-Time (HTST) Skid
Streams In
Stream Out
U-S-20X (208-210)
U-S-20X (205-207)

Material of Construction

Monel

Pressure (psia)
Temperature (°F)

76.8
73
6.96 tons steam, 36 psia
50.2 tons cooling water

Cost of utilities/yr
Purchase Cost
Bare Module Cost
Total Bare Module Cost
Comments

71.8
99

$
80.30
$
1.16
$
109,700.00
$
164,600.00
$
164,600.00
Assuming a bare module factor of 1.5 for High-Temperature-ShortTime skid. Purchase cost calculated using correlation given by our
industrial consultant, Dr. Bockrath (see appendix). Streams entering
are heated up to 216 ⁰F for 10 seconds before cooling to 99 ⁰F. HTST
skid uses internal heat exchangers to recover 60% of heat, and
utilities provides rest of heating/cooling requirements. The material
of construction is monel (FM) to limit chloride corrosion.
Detailed assumptions can be found in A-37.
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UNIT SPECIFICATION SHEETS - UPSTREAM

HEAT EXCHANGER

HTST Skid
U-HX-10X (101-103)
3

Identification

Item
Item No.
No. Required

Function
Operation
Type
Steam ID

Sterilize media entering U-SF-10X fermentors
Continuous
High-Temperature-Short-Time (HTST) Skid
Streams In
Stream Out
U-S-20X (108-210)
U-S-20X (105-207)

Material of Construction

Monel

Pressure (psia)
Temperature (°F)
Cost of utilities/yr

82.2
73
139.23 tons steam, 36 psia
1004.8 tons cooling water

Purchase Cost
Bare Module Cost
Total Bare Module Cost
Comments

77.2
99

$
1,606.00
$
23.13
$
109,700.00
$
164,600.00
$
164,600.00
Assuming a bare module factor of 1.5 for High-Temperature-ShortTime skid. Purchase cost calculated using correlation given by our
industrial consultant, Dr. Bockrath (see appendix). Streams entering
are heated up to 216 ⁰F for 10 seconds before cooling to 99 ⁰F. HTST
skid uses internal heat exchangers to recover 60% of heat, and
utilities provides rest of heating/cooling requirements. The material
of construction is monel (FM) to limit chloride corrosion.
Detailed assumptions can be found in A-37.
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UNIT SPECIFICATION SHEETS - UPSTREAM

HEAT EXCHANGER

HTST Skid
U-HX-00X (001-003)

Identification

Item
Item No.
No. Required

Function
Operation
Type
Steam ID

Sterilize media entering U-PF-20X production fermentors
Continuous
High-Temperature-Short-Time (HTST) Skid
Streams In
Stream Out
U-S-21X (215-217)
U-S-2XX (209-211)
U-S-2XX (218-220)
U-S-21X (212-214)

Material of Construction

Monel

Pressure (psia)
Temperature (°F)

76.8
73

Cost of utilities/yr
Purchase Cost
Bare Module Cost
Total Bare Module Cost
Comments

71.8
99
796.0 tons steam, 36 psia
$
9,181.00
5,744.6 tons cooling water
$
132.30
$
588,000.00
$
882,000.00
$
882,000.00
Assuming a bare module factor of 1.5 for High-Temperature-ShortTime skid. Purchase cost calculated using correlation given by our
industrial consultant, Dr. Bockrath (see appendix). Streams entering
are heated up to 216 ⁰F for 10 seconds before cooling to 99 ⁰F. HTST
skid uses internal heat exchangers to recover 60% of heat, and
utilities provides rest of heating/cooling requirements. The material
of construction is monel (FM) to limit chloride corrosion.
Detailed assumptions can be found in A-37.
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UNIT SPECIFICATION SHEETS - UPSTREAM

WATER CHILLER

Chiller
U-CH-001
1

Identification

Item
Item No.
No. Required

Function

Provides chilling water to the process in a closed loop through
refrigeration
Continuous
Water Chiller
Streams In
Stream Out
14.7
14.7
59
41

Operation
Type
Pressure (psia)
Temperature (°F)
Cost of utilities/yr
Purchase Cost
Bare Module Cost
Total Bare Module Cost
Comments

6.48*106 tons of refrigeration

$
171,600.00
$
400,300.00
$
600,400.00
$
600,400.00
Assuming a bare module factor of 1.5 for the chiller. Purchase cost
was determined via a correlation given by our industrial consultant,
Dr. Bockrath. The cost of utilities in the form of refrigerant is also
listed under the various process units that require chilling water.
Detailed assumptions can be found in A-37.
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UNIT SPECIFICATION SHEETS - DOWNSTREAM

DOWNSTREAM EQUIPMENT

MIXING TANK

Mixing Storage Tank
D-ST-001
1

Identification

Item
Item No.
No. Required

Function

Collects and mixes the upstream broth input

Operation

Continuous

Type

Cone Roof

Stream ID

Streams In
D-S-004
D-S-005
D-S-006

Pressure (psia)

14.7

Temperature(°F)

77

Mass fraction
(mass fraction)

Water
Glycerol
Biomass (intact)

Design Data

Material of Construction
Maximum Volume (ft3)
Working Volume (ft3)

Stainless Steel 316
543,800
380,700

Cost of Utilities/year:

49,730 kw-hr of electricity

$

3,346

$
$

534,500.00
801,800.00

$

25,200.00 (bare
module)
827,000.00

Stream Out
D-S-007

0.87
0.01
0.12

Purchase Cost
Bare Module Cost
Associated Cost

Agitator (8 HP)

Total Bare Module Cost
Comments

$

Bare module factor of 1.5 is used.
Detailed assumptions can be found in A-43.
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UNIT SPECIFICATION SHEETS - DOWNSTREAM

MIXING TANK
Mixing Storage Tank
D-ST-101
1

Identification

Item
Item No.
No. Required

Function

Collects and mixes recycled and new hexane input

Operation

Continuous

Type

Cone Roof

Stream ID

Streams In
D-S-102
D-S-119
D-S-124

Pressure (psia)

14.7

Temperature(°F)

99

Mass fraction
(mass fraction)

Hexane

Design Data

Material of Construction
Maximum Volume (ft3)
Working Volume (ft3)

Stainless Steel 316
18,510
12,970

Cost of Utilities/year:

18,650 kw-hr of electricity

$

1,255

$
$

98,700.00
148,000.00

$

14,200.00 (bare
module)
162,300.00

Stream Out
D-S-103

1.00

Purchase Cost
Bare Module Cost
Associated Cost

Agitator (3 HP)

Total Bare Module Cost
Comments

$

Bare module factor of 1.5 is used.
Detailed assumptions can be found in A-43.
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UNIT SPECIFICATION SHEETS - DOWNSTREAM

MIXING TANK
Mixing Storage Tank
D-ST-102
1

Identification

Item
Item No.
No. Required

Function

Mixes dried up cells with hexane and with leftovers from bead mill
(D-BM-101)

Operation

Continuous

Type

Cone Roof

Stream ID

Stream In
D-S-101
D-S-104
D-S-108

Pressure (psia)

14.7

Temperature(°F)

99

Mass fraction
(mass fraction)

Biomass (intact)
Biomass (crushed)
Hexane
Crude Oil

Design Data

Material of Construction
Maximum Volume (ft3)
Working Volume (ft3)

Stainless Steel 316
205,500
143,800

Cost of Utilities/year:

31,080 kw-hr of electricity

$

2,091

$
$

$328,600.00
$492,900.00

$

$21,400.00 (bare
module)
$514,300.00

Stream Out
D-S-105

Purchase Cost
Bare Module Cost
Associated Cost

Agitator (5 HP)

Total Bare Module Cost
Comments

0.02
0.09
0.83
0.06

$

Bare module factor of 1.5 is used.
Detailed assumptions can be found in A-43.
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UNIT SPECIFICATION SHEETS - DOWNSTREAM

MIXING TANK
Mixing Storage Tank
D-ST-201
1

Identification

Item
Item No.
No. Required

Function

Mixes sodium hydroxide with water

Operation

Continuous

Type

Cone Roof

Stream ID

Stream In
D-S-204
D-S-205

Pressure (psia)

14.7

Temperature(°F)

73

Mass fraction
(mass fraction)

Water
Sodium Hydroxide

Design Data

Material of Construction
Maximum Volume (ft3)
Working Volume (ft3)

Stainless Steel 316
228
159

Cost of Utilities/year:

18,650 kw-hr of electricity

$

1,255.00

$
$

11,000.00
23,300.00

$

6,800.00 (bare module)

$

23,300.00

Stream Out
D-S-206

Purchase Cost
Bare Module Cost
Associated Cost

Agitator (3 HP)

Total Bare Module Cost
Comments

0.800
0.200

Bare module factor of 1.5 is used.
Detailed assumptions can be found in A-43.
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UNIT SPECIFICATION SHEETS - DOWNSTREAM

STORAGE TANK
Storage Tank
D-ST-202
1

Identification

Item
Item No.
No. Required

Function

Stores Acetic Acid

Operation

Continuous

Type

Cone Roof

Stream ID

Stream In
D-S-212

Pressure (psia)

14.7

Temperature(°F)

73

Mass fraction
(mass fraction)

Water
Acetic Acid

Design Data

Material of Construction
Maximum Volume (ft3)
Working Volume (ft3)

Stream Out
D-S-213

0.500
0.500

Purchase Cost
Bare Module Cost

Stainless Steel 316
166
116
$
$

Associated Cost

-

Total Bare Module Cost
Comments

9,343.00
14,100.00

$

14,100.00

Bare module factor of 1.5 is used.
Detailed assumptions can be found in A-43.
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MIXING TANK
Mixing Storage Tank
D-ST-301
1

Identification

Item
Item No.
No. Required

Function

Adds antioxidants to final product for stability

Operation

Continuous

Type

Cone Roof

Stream ID

Stream In
D-S-305

Pressure (psia)

14.7

Temperature(°F)

73

Mass fraction
(mass fraction)

DHA
EPA
Antioxidants

Design Data

Material of Construction
Maximum Volume (ft3)
Working Volume (ft3)

Stainless Steel 316
363
254

Cost of Utilities/year:

18,650 kw-hr of electricity

$

1,255.00

$
$

13,900.00
28,150.00

$

7,300.00 (bare module)

$

28,150.00

Stream Out
D-S-306

0.98
0.02
<0.0001

Purchase Cost
Bare Module Cost
Associated Cost

Agitator (3 HP)

Total Bare Module Cost
Comments

Bare module factor of 1.5 is used.
Detailed assumptions can be found in A-43.
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CENTRIFUGE

Centrifuge
D-CF-001
1

Identification

Item
Item No.
No. Required

Function

Separates water from the biomass product.

Operation

Continuous

Type
Stream ID

Horizontal Disk-Stack Centrifuge
Stream In
D-S-008

Stream Out
D-S-009

Stream Out
D-S-011

Pressure (psia)
Temperature (°F)

42.6
73

17.6
73

17.6
73

Flow Rate (lb/hr)

8361

6977

1384

0.87
0.01
0.12

0.00
0.99
0.01

0.26
0.00
0.74

Materials Contained
(Mass Fraction)

Water
Glycerol
Biomass (intact)

Design Data

Machine Dimensions (ft)
Length
Width
Height
Weight (lb)
Max Rotating Speed (rpm)
Maximum Capacity (ft3/hr)
Brake Horsepower (hp)

Cost of utilities/yr

$

22,960.00

Purchase Cost
Bare Module Cost

$
$

20,000.00
40,600.00

Total Bare Module Cost

$

40,600.00

Comments

341,300 kw-hr of electricity

10.8
4.8
8.5
16,710
370
353
54.9

Bare module factor of 2.03 is used.
Detailed assumptions can be found in A-30.
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CENTRIFUGE
Centrifuge
D-CF-101

Identification

Item
Item No.
No. Required

Function

Separates oil-hexane mixture from crushed biomass waste.

Operation

Continuous

Type
Stream ID

Basket centrifuge
Stream In
D-S-110

Stream Out
D-S-111

Stream Out
D-S-112

Pressure (psia)
Temperature (°F)

42.3
99

17.6
99

17.6
99

Flow Rate (lb/hr)

6122

738

5384

0.02
0.09

0.14
0.71

0.83
0.06

0.14
0.01

Materials Contained
(Mass Fraction)

Design Data

Water
Glycerol
Biomass (intact)
Biomass
(crushed)
Hexane
Crude Oil

0.93
0.07

Machine Dimensions (ft)
Length
Width
Height
Weight (lb)
Working Volume (gal)
Maximum Rotating Speed (rpm)
Maximum Capacity (lb/hr )
Motor Power (kW)

7.3
5.6
5
7496
27.7
50
6610
26

216,800 kw-hr of electricity

$

14,580.00

Purchase Cost
Bare Module Cost

$
$

10,000.00
20,300.00

Total Bare Module Cost

$

20,300.00

Cost of utilities/yr

Comments

Bare module factor of 2.03 is used.
Detailed assumptions can be found in A-30.

104

UNIT SPECIFICATION SHEETS - DOWNSTREAM

SPRAY DRYER

Spray Dryer
D-SD-001
1

Identification

Item
Item No.
No. Required

Function

Dries water out from biomass product

Operation

Continuous

Type

High Speed Centrifugal Spray Dryer
Stream In
D-S-012

Stream Out
D-S-014

D-S-101

Pressure (psia)
Temperature (°F)

42.6
73

14.7
176

17.6
73

Flow rate (lb/hr)

1384

364

1020

0.26
0.0
0.74

0.02
0.0
0.0

0.0
0.0
1.00

0.98
0.0
771.62
1314~2024
0.6-1.6
Air
2,866
$

0.0
0.0

136.50

Purchase Cost
Bare Module Cost

$
$

500,000.00
1,060,000.00

Associated Cost

$

30,000.00

Total Bare Module Cost

$

1,060,000.00

Stream ID

Materials handled
(Mass fraction)

Design Data

Cost of utilities/yr

Comments

Water
Glycerol
Biomass
(intact)
Hot Air
Hexane

0.0
0.0
Water Vap. Capacity (lb/hr)
Processing Capacity (lb/hr)
Stream Pressure (MPa)
Dry Medium
Steam flow (lb/hr)
5,925 tons/yr of cooling water

The price of this unit is derived from online vendors, provided by
Dr. Bockrath. The cost of the conveyer belt and internal heat
exchanger are included in the purchase cost of the unit process.
Bare module factor of 2.06 is used.
Detailed assumptions can be found in A-42.
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BEAD MILL

Bead Mill
D-BM-101
1

Identification

Item
Item No.
No. Required

Function

Crushes cells in order to extract crude oil.

Operation

Continuous

Type
Stream ID

Horizontal Bead Mill
Stream In
D-S-106

Stream Out
D-S-109

Stream Out
D-S-107

Pressure (psia)
Temperature (°F)

42.6
73

17.6
73

17.6
73

Flow Rate (lb/hr)

61220

55100

6,120

0.02
0.09
0.83
0.06

0.02
0.09
0.83
0.06

0.02
0.09
0.83
0.06

Materials Contained
(Mass Fraction)

Biomass (intact)
Biomass (crushed)
Hexane
Crude Oil

Design Data

Volume (ft3)
Grinding fineness (um)
Maximum line velocity (ft/s)
Power (kW)
Cooling water (lb / hr)

9.18
2-20
40
110
11,024

Cost of utilities/yr

70,750 tons/yr of cooling water

$

1,631.00

$
$

294,100.00
676,400.00

Purchase Cost
Bare Module Cost
Total Bare Module Cost
Comments

$
676,400.00
The price of this unit is derived from online vendors, provided
by Dr. Bockrath. Bare module factor of 2.30 is used.
Detailed assumptions can be found in A-29.
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FLASH EVAPORATOR

Flash Evaporator
D-FE-101
1

Identification

Item
Item No.
No. Required

Function

Evaporates hexane from oil-hexane mixture.

Operation

Continuous

Type

T-316L column with carbon steel jacket and Carpenter 20Cb-3
internals
Stream
Out
D-S-116
22.0
356

Stream
Out
D-S-117
22.0
356

Stream Out

Pressure (psia)
Temperature (°F)

Stream
In
D-S-115
48.5
99

Flow Rate (lb/hr)

5371

4

4750

617

0.0
0.0
0.93
0.07

0.01
0.03
0.0
0.97

0.0
0.0
1.00
0.00

0.0
0.0
0.40
0.60

Stream ID

D-S-120
22.0
356

Materials Contained
(Mass Fraction)
Biomass (intact)
Biomass (crushed)
Hexane
Crude Oil
Design Data

Surface Area (ft2)
Log Mean Temp. Difference (°F)
Heat Duty (MMBtu/HR)
Construction Materials

1,198
135
12.13
Carbon steel/carbon steel

Cost of utilities/yr

8,005 tons/yr of steam

$

123,100.00

$
$

10,440.00
33,090.00

Purchase Cost
Bare Module Cost

Total Bare Module Cost
$
33,090.00
The price of this unit is based on Heat Exchanger calculation as
Comments
recommended by Dr. Bockrath. Bare module factor of 2.32 is used.
Detailed assumptions can be found in A-48.
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Identification

WIPED FILM EVAPORATOR

Wiped Film
Evaporator
D-FE-101
1

Item

Function

Item No.
No. Required
Evaporates remaining hexane from mixture.

Operation

Continuous

Type

T-316L column with carbon steel jacket and Carpenter 20Cb-3
internals

Stream ID

Stream In
D-S-120

Stream Out
D-S-121

Stream Out
D-S-201

Pressure (psia)
Temperature (°F)

22.0
356

22.0
356

0.0044
356

Flow Rate (lb/hr)

618

250

368

0.40
0.60

1.00
0.0

0.0
1.00

Materials Contained
(Mass Fraction)
Design Data

Cost of utilities/yr

Hexane
Crude Oil

Surface Area (ft2)
Log Mean Temp. Difference (°F)
Heat Duty (MMBtu/HR)
Construction Materials

138
135

157.4 tons/yr of steam

$

2,421

$
$

213,100.00
539,100.00

Purchase Cost
Bare Module Cost

1.39
Carbon steel/carbon steel

Total Bare Module Cost
$
539,100.00
The price of this unit is based on a figure from a book Plant Design and
Comments
Economics for Chemical Engineers by Max Peters et al. Bare module factor
of 2.53 is used.
Detailed assumptions can be found in A-49.
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COMPRESSOR

Compressor
D-CP-101
1

Identification

Item
Item No.
No. Required

Function

Compresses low pressure air from the wiped film evaporator back
to atmospheric pressure.

Operation

Continuous

Type

Vacuum Pump

Stream ID

Stream In
D-S-121

Stream Out
D-S-122

Flow rate (lb/hr)
Temperature (F)
Pressure (psia)

250
356
22

250
356
0.0044

Design Data

Construction Materials
Consumed Power (hp)
Drive Type:
58,000 kw-hr of electricity

Carbon steel/carbon steel
7.5
Electric

Cost of utilities/yr
Purchase Cost
Bare Module Cost
Total Bare Module Cost
Comments

$

3,903.00

$
$

37,260.00
80,200.00

$
80,200.00
Bare module factor of 2.15 is used.
Detailed assumptions can be found in A-27.
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CONDENSER

Identification

Item
Item No.
No. Required

Function

Condenses hexane gas

Operation

Continuous

Type

Fixed head, Shell and Tube

Condenser
D-CD-101
1

Pressure (psia)
Temperature (°F)
Vapor Fraction

Stream In
D-S-117
22
356
1

Stream Out
D-S-118
22
99
0

Flow rate (lb/hr)

4750

4750

1.00

1.00

Stream ID

Materials handled
(Mass fraction)

Hexane

Design Data

Surface Area (ft2)
Heat Duty (MMBtu/hr)
Construction Materials

2073.04
119.41
0.0372
Carbon steel/carbon steel

10,870 tons/yr of cooling water

$

250.50

$
$

23,420.00
74,500.00

Log Mean Temp. Difference (°F)

Cost of utilities/yr
Purchase Cost
Bare Module Cost
Total Bare Module Cost
Comments

$
74,500.00
The temperature of cooling water used in a condenser is ranged
90°F to 120°F. Bare module factor of 3.17 is used.
Detailed assumptions can be found in A-33.
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CONDENSER
Condenser
D-CD-102
1

Identification

Item
Item No.
No. Required

Function

Condenses hexane gas

Operation

Continuous

Type

Fixed head, Shell and Tube

Stream ID

Stream In
D-S-122

Stream Out
D-S-123

Pressure (psia)
Temperature (°F)
Vapor Fraction

.0011
356
1

14.7
99
0

Flow rate (lb/hr)

250

250

1.00

1.00

Materials handled
(Mass fraction)

Hexane

Design Data

Surface Area (ft2)
Log Mean Temp. Difference (°F)
Heat Duty (MMBtu/HR)
Construction Materials

39,387.84
119.41
0.67
Carbon steel/carbon steel

Cost of utilities/yr

206,600 tons/yr of cooling water

$

4,760.00

$
$

307,600.00
975,400.00

Purchase Cost
Bare Module Cost
Total Bare Module Cost
Comments

$
975,400.00
The temperature of cooling water used in a condenser is ranged
90°F to 120°F. Bare module factor of 3.17 is used.
Detailed assumptions can be found in A-48.
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CARTRIDGE FILTRATION TANK
Filter & Tank
D-FR-101
1

Identification

Item
Item No.
No. Required

Function

Filters out solid remnants

Operation

Continuous

Type

Plate pack filtration system

Pressure (psia)
Temperature (°F)

Feed
D-S-113
42.6
99

Final Permeate
D-S-114
17.6
99

Flow rate (lb/hr)

5384

5371

Stream ID

Materials handled
(Mass fraction)

Design Data

Cost of utilities/yr
Purchase Cost
Bare Module Cost
Total Bare Module Cost
Comments

0.93
Hexane
0.07
Crude Oil
<0.001
Biomass
Volume (ft3)
Filter elements:
Filter material:
Plate spacing (in)
Plate length (ft)
Plate angle
Cartridge Filter replacement

0.93
0.07
<0.0001
2278
Lamella
Stainless steel 316
1.97
3.28
50° ~ 70°
$

500.00

$
387,400.00
$
898,800.00
$
898,800.00
The price of this unit is provided by Dr. Bockrath. Bare module
factor of 2.32 is used.
Detailed assumptions can be found in A-37.
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LAMELLA FILTRATION TANK
Filter& Tank
D-FR-301
1

Identification

Item
Item No.
No. Required

Function

Filters out leftover moisture and water

Operation

Continuous

Type

Plate pack filtration system

Stream ID

Feed

Pressure (psia)
Temperature (°F)

D-S-302
42.6
99

Final
Permeate
D-S-304
17.6
99

Final
Retentate
D-S-303
17.6
99

Flow rate (lb/hr)

145

145

0.1

0.0
0.98
0.02

1.0
0.0
0.0

Materials handled
(Mass fraction)

<0.00001
Water
0.98
DHA
0.02
EPA
Volume (ft3)
Filter elements:
Filter material:
Plate spacing (in)
Plate length (ft)
Plate angle

1,662
Lamella
Stainless steel
1.97
3.28
50° ~ 70°

Filter replacement

$

500.00

Purchase Cost
Bare Module Cost

$
$

53,010.00
123,000.00

Total Bare Module Cost

$

123,000.00

Design Data

Cost of utilities/yr

Comments

The price of this unit is provided by Dr. Bockrath. Bare module
factor of 2.32 is used. Bare module factor of 3.17 is used.
Detailed assumptions can be found in A-37.
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HEAT EXCHANGER

Heat Exchanger
D-HX-201
1

Identification

Item
Item No.
No. Required

Function

Cools crude oil entering the Scheibel columns

Operation

Continuous

Type

Fixed head, Shell and Tube

Stream ID

Tube Stream In
D-S-202

Tube Stream Out
D-S-203

Pressure (psia)
Temperature (°F)

47.6
356

42.6
99

Flow rate (lb/hr)

368

368

1.00

1.00

Materials handled
(Mass fraction)

Crude oil

Design Data

Surface Area (ft2)
Log Mean Temperature Difference (°F)
Heat Duty (MMBtu/HR)
Construction Materials

6,733
115
110
Carbon steel/carbon
steel

Cost of utilities/yr

7,130 tons/yr of cooling water

$

164.20

Purchase Cost
Bare Module Cost

$
$

20,400.00
64,700.00

Total Bare Module Cost

$

64,700.00

Comments

Assumed a bare module factor of 3.17
Detailed assumptions can be found in A-37.
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PACK OUT STATION

Pack-out Station
D-PO-101
1

Identification

Item
Item No.
No. Required

Function

Pack out station for flammable hexane-biomass waste

Operation

Continuous

Type

horizontal spiral discharging settling centrifuge

Stream ID

Stream In
D-S-125

Pressure (psia)
Temperature (°F)

42.6
99

Flow rate (lb/hr)

738

Materials handled
(Mass fraction)

Design Data

Biomass (intact)
Biomass
(crushed)
Hexane
Crude Oil

0.14
0.71
0.14
0.01

Material of construction

Stainless Steel 316

Purchase Cost
Bare Module Cost

$
$

185,000.00
277,500.00

Total Bare Module Cost

$

277,500.00

Comments

The price of this unit is provided by Dr. Bockrath. The cost of
tank drums is estimated from an online vendor. A 55-gallon
closed top drum costing $65 each is chosen, and it can store up
to 800 lb. The process needs 30 of the drums annually, and 10
more is added as spares. The total cost of $2,600 is included in
the Purchase cost. Bare module factor of 1.50 is used.
Detailed assumptions can be found in A-39.
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PACK OUT STATION
Pack-out Station
D-PO-301
1

Identification

Item
Item No.
No. Required

Function

Pack out station for high-purity DHA product

Operation

Continuous

Type

horizontal spiral discharging settling centrifuge

Stream ID

Stream In
D-S-307

Pressure (psia)
Temperature (°F)

42.6
99

Flow rate (lb/hr)

145.0

Materials handled
(Mass fraction)
Design Data

DHA
EPA

0.018
0.982

Material of construction

Purchase Cost
Bare Module Cost
Total Bare Module Cost
Comments

Stainless Steel 316
$
$

185,000.00
277,500.00

$
277,500.00
The price of this unit is provided by Dr. Bockrath. The cost of
tank drums is estimated from an online vendor. A 55-gallon
closed top drum costing $65 each is chosen, and it can store up
to 800 lb. The process needs 6 of the drums annually, and 2
more is added as spares. The total cost of $520 is included in the
Purchase cost. Bare module factor of 1.50 is used.
Detailed assumptions can be found in A-39.
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Identification

SCHEIBEL EXTRACTION COLUMN

Liquid-Liquid
Extraction Column
D-SC-201
1

Item

Function

Item No.
No. Required
Extracts saponified oil from the oil mixture.

Operation

Continuous

Type

T-316L column with carbon steel jacket and Carpenter 20Cb-3
internals

Pressure (psia)
Temperature (°F)

Aqueous
In
D-S-207
42.6
73

Aqueous
Out
D-S-210
17.6
99

Organic
In
D-S-203
42.6
99

Organic
Out
D-S-208
17.6
99

Flow Rate (lb/hr)

95.3

241.6

367.7

214.0

0.80
0.0
0.0
0.0
0.20
0.0
0.0

0.32
0.0
0.0
0.61
0.01
0.03
0.04

0.0
1.00
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.99
0.01
0.0
0.0
0.0

Stream ID

Materials Contained
(Mass Fraction)

Water
Crude Oil
Unsaponified Oil
Saponified Oil
Sodium Hydroxide
Glycerol
Sodium (ion)

Design Data

Material of construction
Inside Diameter (ft)
Outside Diameter (ft)
Height of column (ft)
Internal rated pressure
Number of stages
Agitation Speed (rpm)

Carbon steel
1.2
1.7
19’-18’’

197 tons/yr of cooling water

$

4.53

$
$

142,000.00
213,000.00

Cost of utilities/yr
Purchase Cost
Bare Module Cost

50psi/FV @ 259▫F
36
0-125

Total Bare Module Cost
$
213,000.00
The price of this unit is derived from online vendors, provided by Dr.
Comments
Bockrath. Bare module factor of 1.50 is used.
Detailed assumptions can be found in A-42.

117

UNIT SPECIFICATION SHEETS - DOWNSTREAM

SCHEIBEL EXTRACTION COLUMN

Function

Liquid-Liquid
Extraction Column
D-SC-202
Item No.
1
No. Required
Separates the aqueous phase from the product stream

Operation

Continuous

Type

T-316L column with carbon steel jacket and Carpenter 20Cb-3
internals

Identification

Item

Stream ID

Aqueous
In
D-S-214

Aqueous
Out
D-S-215

Organic
In
D-S-211

Organic
Out
D-S-301

Pressure (psia)
Temperature (°F)
Flow Rate (lb/hr)

42.6
73
70.5

17.6
99
241.6

42.6
99
367.7

17.6
99
214.0

0.50
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.50
0.0

0.67
0.0
0.0
0.02
0.02
0.0
0.26
0.04
0.02
0.0

0.32
0.0
0.0
0.61
0.0
0.0
0.01
0.03
0.0
0.04

0.0
0.0
0.0
0.0
0.98
0.0
0.0
0.0
0.0
0.0

Materials Contained
(Mass Fraction)

Water
Crude Oil
Unsaponified Oil
Saponified Oil
DHA
EPA
Sodium Hydroxide
Glycerol
Acetic Acid
Sodium (ion)

Design Data

Material of construction
Inside Diameter (ft)
Outside Diameter (ft)
Height of column (ft)
Internal rated pressure
Number of stages
Agitation Speed (rpm)

Carbon steel
1.2
1.7
19’-18’’

1,265 tons/yr of cooling water

$

29.18

Purchase Cost
Bare Module Cost

$
$

142,000.00
213,000.00

Total Bare Module Cost

$

213,000.00

Cost of utilities/yr

Comments

50psi/FV @ 259▫F
36
0-125

The price of this unit is derived from online vendors, provided by Dr.
Bockrath. Bare module factor of 1.50 is used.
Detailed assumptions can be found in A-42.
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PUMPS TO STORAGE TANK
Pumps
D-PP-00X (001-003)
6

Identification

Item
Item No.
No. Required

Function

Pumps out contents from the production fermentor (PF-001) into
the storage tank (D-ST-001)

Operation

Continuous

Type

Centrifugal, 3600 RPM, VSC, 75 HP

Stream ID

Stream In
D-S-00X (001-003)

Stream Out
D-S-00X (004-006)

Pressure (psia)

63.3

29.4

Design Data

Material of Construction
Flow Rate (gpm)
Pump Head (ft)
Brake Horsepower (hp)
10,320 kw-hr of electricity

Cast Iron
450
57.67
1.66

Cost of utilities/yr
Purchase Cost
Bare Module Cost
Associated Costs

Motor

Total Bare Module Cost
Comments

$

700.00

$
$
$

5,004.00
18,560.00
1,310.00 (bare module)

$

15,360.00

The method of price estimation requires the size factor (S =
Q(H^0.5)) of the pump to be at least 400. Because the flow rate was
too low, Pseudo Q was calculated based on Pump Head, to meet
the minimum requirement.
Similarly, for the motor, the flow rate of 50 gpm was used for
streams with less than 50 gpm flow rate, to meet the minimum
requirement.
Detailed assumptions are found in A-39
Number required is 6 as each pump has a spare
Bare module factor of 3.30 is used.
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PUMPS TO CENTRIFUGE
Pumps
D-PP-004
2

Identification

Item
Item No.
No. Required

Function

Pumps liquid contents from a storage tank (D-ST-001) to a
centrifuge (D-CF-001)

Operation

Continuous

Type

Centrifugal, 3600 RPM, VSC, 75 HP

Stream ID

Stream In
D-S-007

Stream Out
D-S-008

Pressure (psia)

17.6

42.6

Design Data

Material of Construction
Flow Rate (gpm)
Pseudo Flow Rate (gpm)
Pump Head (ft)
Brake Horsepower (hp)
10,320 kw-hr of electricity

Cast Iron
16.70
52.67
57.67
1.66

Cost of utilities/yr
Purchase Cost
Bare Module Cost
Associated Costs

Motor

Total Bare Module Cost
Comments

$

700.00

$
$

4,260.00
15,360.00

$

1,307.00 (bare module)

$

15,360.00

The method of price estimation requires the size factor (S =
Q(H^0.5)) of the pump to be at least 400. Because the flow rate was
too low, Pseudo Q was calculated based on Pump Head, to meet
the minimum requirement.
Similarly, for the motor, the flow rate of 50 gpm was used for
streams with less than 50 gpm flow rate, to meet the minimum
requirement.
Detailed assumptions are found in A-39
Number required is 2 as each pump has a spare
Bare module factor of 3.30 is used.
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UNIT SPECIFICATION SHEETS - DOWNSTREAM

PUMPS TO WASTE
Pumps
D-PP-005
2

Identification

Item
Item No.
No. Required

Function

Pumps liquid contents from a centrifuge (D-CF-001) to waste

Operation

Continuous

Type

Centrifugal, 3600 RPM, VSC, 75 HP

Stream ID

Stream In
D-S-009

Stream Out
D-S-010

Pressure (psia)

17.6

42.6

Design Data

Material of Construction
Flow Rate (gpm)
Pseudo Flow Rate (gpm)
Pump Head (ft)
Brake Horsepower (hP)
10,320 kw-hr of electricity

Cast Iron
16.70
52.67
57.67
1.66

Cost of utilities/yr
Purchase Cost
Bare Module Cost
Associated Costs

Motor

Total Bare Module Cost
Comments

$

700.00

$
$

4,260.00
15,360.00

$

1,307.00 (bare module)

$

15,360.00

The method of price estimation requires the size factor (S =
Q(H^0.5)) of the pump to be at least 400. Because the flow rate was
too low, Pseudo Q was calculated based on Pump Head, to meet
the minimum requirement.
Similarly, for the motor, the flow rate of 50 gpm was used for
streams with less than 50 gpm flow rate, to meet the minimum
requirement.
Detailed assumptions are found in A-39
Number required is 2 as each pump has a spare.
Bare module factor of 3.30 is used.
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UNIT SPECIFICATION SHEETS - DOWNSTREAM

PUMPS TO SPRAY DRYER
Pumps
D-PP-006
2

Identification

Item
Item No.
No. Required

Function

Pumps liquid contents from a centrifuge (D-CF-001) to a spray
dryer (D-SD-001)

Operation

Continuous

Type

Centrifugal, 3600 RPM, VSC, 75 HP

Stream ID

Stream In
D-S-011

Stream Out
D-S-012

Pressure (psia)

17.6

42.6

Design Data

Material of Construction
Flow Rate (gpm)
Pseudo Flow Rate (gpm)
Pump Head (ft)
Brake Horsepower (hP)
10,320 kw-hr of electricity

Cast Iron
16.70
52.67
57.67
1.66

Cost of utilities/yr
Purchase Cost
Bare Module Cost
Associated Costs

Motor

Total Bare Module Cost
Comments

$

700.00

$
$

4,260.00
15,360.00

$

1,307.00 (bare module)

$

15,360.00

The method of price estimation requires the size factor (S =
Q(H^0.5)) of the pump to be at least 400. Because the flow rate was
too low, Pseudo Q was calculated based on Pump Head, to meet
the minimum requirement.
Similarly, for the motor, the flow rate of 50 gpm was used for
streams with less than 50 gpm flow rate, to meet the minimum
requirement.
Detailed assumptions are found in A-39
Number required is 2 as each pump has a spare.
Bare module factor of 3.30 is used.
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UNIT SPECIFICATION SHEETS - DOWNSTREAM

PUMP TO STORAGE TANK
Pump
D-PP-101
2

Identification

Item
Item No.
No. Required

Function

Delivers hexane from a storage tank (D-ST-101) to another storage
tank (D-ST-102)

Operation

Continuous

Type

Centrifugal, 3600 RPM, VSC, 75 HP

Stream ID

Stream In
D-S-103

Stream Out
D-S-104

Pressure (psia)

17.6

42.6

Design Data

Material of Construction
Flow Rate (gpm)
Pseudo Flow Rate (gpm)
Pump Head (ft)
Brake Horsepower (hp)
10,320 kw-hr of electricity

Cast Iron
10.19
42.62
88.07
1.66

Cost of utilities/yr
Purchase Cost
Bare Module Cost
Associated Costs

Motor

Total Bare Module Cost
Comments

$

700.00

$
$

4,260.00
15,360.00

$

1,307.00 (bare module)

$

15,360.00

The method of price estimation requires the size factor (S =
Q(H^0.5)) of the pump to be at least 400. Because the flow rate was
too low, Pseudo Q was calculated based on Pump Head, to meet
the minimum requirement.
Similarly, for the motor, the flow rate of 50 gpm was used for
streams with less than 50 gpm flow rate, to meet the minimum
requirement.
Detailed assumptions are found in A-39
Number required is 2 as each pump has a spare.
Bare module factor of 3.30 is used.
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UNIT SPECIFICATION SHEETS - DOWNSTREAM

PUMP TO STORAGE TANK
Pump
D-PP-102
2

Identification

Item
Item No.
No. Required

Function

Pumps the bead mill recycle stream to a storage tank (D-ST-102)

Operation

Continuous

Type

Centrifugal, 3600 RPM, VSC, 75 HP

Stream ID

Stream In
D-S-107

Stream Out
D-S-108

Pressure (psia)

17.6

42.6

Design Data

Material of Construction
Flow Rate (gpm)
Pump Head (ft)
Brake Horsepower (hp)
18,220 kw-hr of electricity

Cast Iron
110.03
88.07
2.93

Cost of utilities/yr
Purchase Cost
Bare Module Cost
Associated Costs

Motor

Total Bare Module Cost
Comments

$

1200.00

$
$

4,158.00
15,030.00

$

1,307.00 (bare module)

$

15,030.00

Number required is 2 as each pump has a spare.
Detailed assumptions are found in A-39
Bare module factor of 3.30 is used.
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UNIT SPECIFICATION SHEETS - DOWNSTREAM

PUMP TO BEAD MILL
Pump
D-PP-103
2

Identification

Item
Item No.
No. Required

Function

Pumps hexane/cell mixture from a storage tank (D-ST-102) to a
bead mill (D-BM-101)

Operation

Continuous

Type

Centrifugal, 3600 RPM, VSC, 75 HP

Stream ID

Stream In
D-S-105

Stream Out
D-S-106

Pressure (psia)

17.6

42.6

Design Data

Material of Construction
Flow Rate (gpm)
Pump Head (ft)
Brake Horsepower (hp)
19,710 kw-hr of electricity

Cast Iron
122.26
88.07
3.17

Cost of utilities/yr
Purchase Cost
Bare Module Cost
Associated Costs

Motor

Total Bare Module Cost
Comments

$

1,326.00

$
$

4,185.00
15,120.00

$

1,307.00 (bare module)

$

15,120.00

Number required is 2 as each pump has a spare.
Detailed assumptions are found in A-39
Bare module factor of 3.30 is used.
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UNIT SPECIFICATION SHEETS - DOWNSTREAM

PUMP TO CENTRIFUGE
Pump
D-PP-104
2

Identification

Item
Item No.
No. Required

Function

Pumps out crushed cells and hexane from bead mill (D-BM-001) to
a centrifuge (D-CF-101)

Operation

Continuous

Type

Centrifugal, 3600 RPM, VSC, 75 HP

Stream ID

Stream In
D-S-109

Stream Out
D-S-110

Pressure (psia)

17.6

42.6

Design Data

Material of Construction
Flow Rate (gpm)
Pseudo Flow Rate (gpm)
Pump Head (ft)
Brake Horsepower (hp)
10,320 kw-hr of electricity

Cast Iron
12.23
42.62
88.07
1.66

Cost of utilities/yr
Purchase Cost
Bare Module Cost
Associated Costs

Motor

Total Bare Module Cost
Comments

$

700.00

$
$

4,260.00
15,360.00

$

1,307.00 (bare module)

$

15,360.00

The method of price estimation requires the size factor (S =
Q(H^0.5)) of the pump to be at least 400. Because the flow rate was
too low, Pseudo Q was calculated based on Pump Head, to meet
the minimum requirement.
Similarly, for the motor, the flow rate of 50 gpm was used for
streams with less than 50 gpm flow rate, to meet the minimum
requirement.
Detailed assumptions are found in A-39
Number required is 2 as each pump has a spare.
Bare module factor of 3.30 is used.
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UNIT SPECIFICATION SHEETS - DOWNSTREAM

PUMP TO FILTER
Pump
D-PP-105
2

Identification

Item
Item No.
No. Required

Function

Pumps crude oil with hexane mixture from a centrifuge (D-CF-101)
to a filter (D-FR-101)

Operation

Continuous

Type

Centrifugal, 3600 RPM, VSC, 75 HP

Stream ID

Stream In
D-S-112

Stream Out
D-S-113

Pressure (psia)

17.6

42.6

Design Data

Material of Construction
Flow Rate (gpm)
Pseudo Flow Rate (gpm)
Pump Head (ft)
Brake Horsepower (hp)
10,320 kw-hr of electricity

Cast Iron
10.75
42.62
88.07
1.66

Cost of utilities/yr
Purchase Cost
Bare Module Cost
Associated Costs

Motor

Total Bare Module Cost
Comments

$

700.00

$
$

4,260.00
15,360.00

$

1,307.00 (bare module)

$

15,360.00

The method of price estimation requires the size factor (S =
Q(H^0.5)) of the pump to be at least 400. Because the flow rate was
too low, Pseudo Q was calculated based on Pump Head, to meet
the minimum requirement.
Similarly, for the motor, the flow rate of 50 gpm was used for
streams with less than 50 gpm flow rate, to meet the minimum
requirement.
Detailed assumptions are found in A-39
Number required is 2 as each pump has a spare.
Bare module factor of 3.30 is used.
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UNIT SPECIFICATION SHEETS - DOWNSTREAM

PUMP TO FLASH EVAPORATOR
Pump
D-PP-106
2

Identification

Item
Item No.
No. Required

Function

Pumps crude oil with hexane mixture from filter (D-FR-101) to
flash evaporator (D-FE-101)

Operation

Continuous

Type

Centrifugal, 3600 RPM, VSC, 75 HP

Stream ID

Stream In
D-S-114

Stream Out
D-S-115

Pressure (psia)

17.6

42.6

Design Data

Material of Construction
Flow Rate (gpm)
Pseudo Flow Rate (gpm)
Pump Head (ft)
Brake Horsepower (hp)
10,320 kw-hr of electricity

Cast Iron
10.73
42.62
88.07
1.66

Cost of utilities/yr
Purchase Cost
Bare Module Cost
Associated Costs

Motor

Total Bare Module Cost
Comments

$

700.00

$
$

4,260.00
15,360.00

$

1,307.00 (bare module)

$

15,360.00

The method of price estimation requires the size factor (S =
Q(H^0.5)) of the pump to be at least 400. Because the flow rate was
too low, Pseudo Q was calculated based on Pump Head, to meet
the minimum requirement.
Similarly, for the motor, the flow rate of 50 gpm was used for
streams with less than 50 gpm flow rate, to meet the minimum
requirement.
Detailed assumptions are found in A-39
Number required is 2 as each pump has a spare.
Bare module factor of 3.30 is used.
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UNIT SPECIFICATION SHEETS - DOWNSTREAM

PUMP TO STORAGE TANK
Pump
D-PP-107
2

Identification

Item
Item No.
No. Required

Function

Pumps hexane from condenser (D-CD-102) to a storage tank (D-ST101)

Operation

Continuous

Type

Centrifugal, 3600 RPM, VSC, 75 HP

Stream ID

Stream In
D-S-118

Stream Out
D-S-119

Pressure (psia)

17.6

42.6

Design Data

Material of Construction
Flow Rate (gpm)
Pseudo Flow Rate (gpm)
Pump Head (ft)
Brake Horsepower (hp)
10,320 kw-hr of electricity

Cast Iron
9.49
42.62
88.07
1.66

Cost of utilities/yr
Purchase Cost
Bare Module Cost
Associated Costs

Motor

Total Bare Module Cost
Comments

$

700.00

$
$

4,260.00
15,360.00

$

1,307.00 (bare module)

$

15,360.00

The method of price estimation requires the size factor (S =
Q(H^0.5)) of the pump to be at least 400. Because the flow rate was
too low, Pseudo Q was calculated based on Pump Head, to meet
the minimum requirement.
Similarly, for the motor, the flow rate of 50 gpm was used for
streams with less than 50 gpm flow rate, to meet the minimum
requirement.
Detailed assumptions are found in A-39
Number required is 2 as each pump has a spare.
Bare module factor of 3.30 is used.

129

UNIT SPECIFICATION SHEETS - DOWNSTREAM

PUMP TO STORAGE TANK
Pump
D-PP-108
2

Identification

Item
Item No.
No. Required

Function

Pumps hexane from condenser (D-CD-101) to a storage tank (D-ST101)

Operation

Continuous

Type

Centrifugal, 3600 RPM, VSC, 75 HP

Stream ID

Stream In
D-S-123

Stream Out
D-S-124

Pressure (psia)

17.6

42.6

Design Data

Material of Construction
Flow Rate (gpm)
Pseudo Flow Rate (gpm)
Pump Head (ft)
Brake Horsepower (hp)

Cast Iron
0.50
42.62
88.07
1.66

Cost of utilities/yr

10,320 kw-hr of electricity

$

700.00

$
$

4,260.00
15,360.00

$

1,307.00 (bare module)

$

15,360.00

Purchase Cost
Bare Module Cost
Associated Costs

Motor

Total Bare Module Cost
Comments

The method of price estimation requires the size factor (S =
Q(H^0.5)) of the pump to be at least 400. Because the flow rate was
too low, Pseudo Q was calculated based on Pump Head, to meet
the minimum requirement.
Similarly, for the motor, the flow rate of 50 gpm was used for
streams with less than 50 gpm flow rate, to meet the minimum
requirement.
Detailed assumptions are found in A-39
Number required is 2 as each pump has a spare.
Bare module factor of 3.30 is used.
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UNIT SPECIFICATION SHEETS - DOWNSTREAM

PUMP TO HEAT EXCHANGER
Pump
D-PP-201
2

Identification

Item
Item No.
No. Required

Function

Pumps out crude oil from the wiped film evaporator (D-WF-101)
through the heat exchanger (D-HX-201) to the first Scheibel column
(D-SC-201)

Operation

Continuous

Type

Centrifugal, 3600 RPM, VSC, 75 HP

Stream ID

Stream In
D-S-201

Stream Out
D-S-202

Pressure (psia)

0.0044

42.6

Design Data

Material of Construction
Flow Rate (gpm)
Pseudo Flow Rate (gpm)
Pump Head (ft)
Brake Horsepower (hp)

Cast Iron
0.73
51.15
61.15
1.66

Cost of utilities/yr

10,320 kw-hr of electricity

$

700.00

$
$

4,260.00
15,360.00

$

1,307.00 (bare module)

$

15,360.00

Purchase Cost
Bare Module Cost
Associated Costs

Motor

Total Bare Module Cost
Comments

The method of price estimation requires the size factor (S =
Q(H^0.5)) of the pump to be at least 400. Because the flow rate was
too low, Pseudo Q was calculated based on Pump Head, to meet
the minimum requirement.
Similarly, for the motor, the flow rate of 50 gpm was used for
streams with less than 50 gpm flow rate, to meet the minimum
requirement.
Detailed assumptions are found in A-39
Number required is 2 as each pump has a spare.
Bare module factor of 3.30 is used.
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UNIT SPECIFICATION SHEETS - DOWNSTREAM

PUMP TO SCHEIBEL COLUMN
Pump
D-PP-202
2

Identification

Item
Item No.
No. Required

Function

Pumps out aqueous sodium hydroxide from a storage tank (D-ST201) to a Scheibel column (D-SC-201)

Operation

Continuous

Type

Centrifugal, 3600 RPM, VSC, 75 HP

Stream ID

Stream In
D-S-206
17.6

42.6

Design Data

Material of Construction
Flow Rate (gpm)
Pseudo Flow Rate (gpm)
Pump Head (ft)
Brake Horsepower (hp)

Cast Iron
0.19
52.67
57.67
1.66

Cost of utilities/yr

10,320 kw-hr of electricity

$

700.00

$
$

4,260.00
15,360.00

$

1,307.00 (bare module)

$

15,360.00

Pressure (psia)

Stream Out
D-S-207

Purchase Cost
Bare Module Cost
Associated Costs

Motor

Total Bare Module Cost
Comments

The method of price estimation requires the size factor (S =
Q(H^0.5)) of the pump to be at least 400. Because the flow rate was
too low, Pseudo Q was calculated based on Pump Head, to meet
the minimum requirement.
Similarly, for the motor, the flow rate of 50 gpm was used for
streams with less than 50 gpm flow rate, to meet the minimum
requirement.
Detailed assumptions are found in A-39
Number required is 2 as each pump has a spare.
Bare module factor of 3.30 is used.
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UNIT SPECIFICATION SHEETS - DOWNSTREAM

PUMP TO WASTE DISPOSAL
Pump
D-PP-203
2

Identification

Item
Item No.
No. Required

Function

Pumps out unsaponified materials from a Scheibel column (D-SC201) to waste disposal

Operation

Continuous

Type

Centrifugal, 3600 RPM, VSC, 75 HP

Stream ID

Stream In
D-S-208
17.6

42.6

Design Data

Material of Construction
Flow Rate (gpm)
Pseudo Flow Rate (gpm)
Pump Head (ft)
Brake Horsepower (hp)

Cast Iron
0.43
51.15
61.15
1.66

Cost of utilities/yr

10,320 kw-hr of electricity

$

700.00

$
$

4,260.00
15,360.00

$

1,307.00 (bare module)

$

15,360.00

Pressure (psia)

Stream Out
D-S-209

Purchase Cost
Bare Module Cost
Associated Costs

Motor

Total Bare Module Cost
Comments

The method of price estimation requires the size factor (S =
Q(H^0.5)) of the pump to be at least 400. Because the flow rate was
too low, Pseudo Q was calculated based on Pump Head, to meet
the minimum requirement.
Similarly, for the motor, the flow rate of 50 gpm was used for
streams with less than 50 gpm flow rate, to meet the minimum
requirement.
Detailed assumptions are found in A-39
Number required is 2 as each pump has a spare.
Bare module factor of 3.30 is used.
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UNIT SPECIFICATION SHEETS - DOWNSTREAM

PUMP SCHEIBEL COLUMN
Pump
D-PP-204
2

Identification

Item
Item No.
No. Required

Function

Pumps out saponified oil from a Scheibel column (D-SC-201) to
another Scheibel column (D-SC-202)

Operation

Continuous

Type

Centrifugal, 3600 RPM, VSC, 75 HP

Stream ID

Stream In
D-S-210
17.6

42.6

Design Data

Material of Construction
Flow Rate (gpm)
Pseudo Flow Rate (gpm)
Pump Head (ft)
Brake Horsepower (hp)

Cast Iron
0.48
51.15
61.15
1.66

Cost of utilities/yr

10,320 kw-hr of electricity

$

700.00

$
$

4,260.00
15,360.00

$

1,307.00 (bare module)

$

15,360.00

Pressure (psia)

Stream Out
D-S-211

Purchase Cost
Bare Module Cost
Associated Costs

Motor

Total Bare Module Cost
Comments

The method of price estimation requires the size factor (S =
Q(H^0.5)) of the pump to be at least 400. Because the flow rate was
too low, Pseudo Q was calculated based on Pump Head, to meet
the minimum requirement.
Similarly, for the motor, the flow rate of 50 gpm was used for
streams with less than 50 gpm flow rate, to meet the minimum
requirement.
Detailed assumptions are found in A-39
Number required is 2 as each pump has a spare.
Bare module factor of 3.30 is used.
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UNIT SPECIFICATION SHEETS - DOWNSTREAM

PUMP TO SCHEIBEL COLUMN
Pump
D-PP-205
2

Identification

Item
Item No.
No. Required

Function

Pumps aqueous acetic acid to a Scheibel column (D-SC-202)

Operation

Continuous

Type

Centrifugal, 3600 RPM, VSC, 75 HP

Stream ID

Stream In
D-S-213
17.6

42.6

Design Data

Material of Construction
Flow Rate (gpm)
Pseudo Flow Rate (gpm)
Pump Head (ft)
Brake Horsepower (hp)

Cast Iron
0.14
53.98
54.92
1.66

Cost of utilities/yr

10,320 kw-hr of electricity

$

700.00

$
$

4,260.00
15,360.00

$

1,307.00 (bare module)

$

15,360.00

Pressure (psia)

Stream Out
D-S-214

Purchase Cost
Bare Module Cost
Associated Costs

Motor

Total Bare Module Cost
Comments

The method of price estimation requires the size factor (S =
Q(H^0.5)) of the pump to be at least 400. Because the flow rate was
too low, Pseudo Q was calculated based on Pump Head, to meet
the minimum requirement.
Similarly, for the motor, the flow rate of 50 gpm was used for
streams with less than 50 gpm flow rate, to meet the minimum
requirement.
Detailed assumptions are found in A-39
Number required is 2 as each pump has a spare.
Bare module factor of 3.30 is used.
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UNIT SPECIFICATION SHEETS - DOWNSTREAM

PUMP TO WASTE
Pump
D-PP-206
2

Identification

Item
Item No.
No. Required

Function

Pumps out waste fluid from Scheibel column (D-SC-202) to waste

Operation

Continuous

Type

Centrifugal, 3600 RPM, VSC, 75 HP

Stream ID

Stream In
D-S-215
17.6

42.6

Material of Construction
Flow Rate (gpm)
Pseudo Flow Rate (gpm)
Pump Head (ft)
Brake Horsepower (hp)

Cast Iron
0.34
52.67
57.67
1.66

Pressure (psia)
Design Data

Cost of utilities/yr

Stream Out
D-S-216

10,320 kw-hr of electricity

Purchase Cost
Bare Module Cost
Associated Costs

Motor

Total Bare Module Cost
Comments

$

700.00

$
$

4,260.00
15,360.00

$

1,307.00 (bare module)

$

15,360.00

The method of price estimation requires the size factor (S =
Q(H^0.5)) of the pump to be at least 400. Because the flow rate was
too low, Pseudo Q was calculated based on Pump Head, to meet
the minimum requirement.
Similarly, for the motor, the flow rate of 50 gpm was used for
streams with less than 50 gpm flow rate, to meet the minimum
requirement.
Detailed assumptions are found in A-39
Number required is 2 as each pump has a spare.
Bare module factor of 3.30 is used.
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UNIT SPECIFICATION SHEETS - DOWNSTREAM

PUMP TO FILTER
Pump
D-PP-301
2

Identification

Item
Item No.
No. Required

Function

Pumps out DHA from Scheibel column (D-SC-202) to lamella filter
(D-FR-301)

Operation

Continuous

Type

Centrifugal, 3600 RPM, VSC, 75 HP

Stream ID

Stream In
D-S-301
17.6

42.6

Design Data

Material of Construction
Flow Rate (gpm)
Pseudo Flow Rate (gpm)
Pump Head (ft)
Brake Horsepower (hp)

Cast Iron
0.29
51.15
61.15
1.66

Cost of utilities/yr

10,320 kw-hr of electricity

$

700.00

$
$

4,260.00
15,360.00

$

1,307.00 (bare module)

$

15,360.00

Pressure (psia)

Stream Out
D-S-302

Purchase Cost
Bare Module Cost
Associated Costs

Motor

Total Bare Module Cost
Comments

The method of price estimation requires the size factor (S =
Q(H^0.5)) of the pump to be at least 400. Because the flow rate was
too low, Pseudo Q was calculated based on Pump Head, to meet
the minimum requirement.
Similarly, for the motor, the flow rate of 50 gpm was used for
streams with less than 50 gpm flow rate, to meet the minimum
requirement.
Detailed assumptions are found in A-39
Number required is 2 as each pump has a spare.
Bare module factor of 3.30 is used.
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UNIT SPECIFICATION SHEETS - DOWNSTREAM

PUMP TO MIXING TANK
Pump
D-PP-302
2

Identification

Item
Item No.
No. Required

Function

Pumps out DHA from a filter (D-FR-301) to a mixing tank (D-S301)

Operation

Continuous

Type

Centrifugal, 3600 RPM, VSC, 75 HP

Stream ID

Stream In
D-S-304
17.6

42.6

Design Data

Material of Construction
Flow Rate (gpm)
Pseudo Flow Rate (gpm)
Pump Head (ft)
Brake Horsepower (hp)

Cast Iron
0.29
51.15
61.15
1.66

Cost of utilities/yr

10,320 kw-hr of electricity

$

700.00

$
$

4,260.00
15,360.00

$

1,307.00 (bare module)

$

15,360.00

Pressure (psia)

Stream Out
D-S-305

Purchase Cost
Bare Module Cost
Associated Costs

Motor

Total Bare Module Cost
Comments

The method of price estimation requires the size factor (S =
Q(H^0.5)) of the pump to be at least 400. Because the flow rate was
too low, Pseudo Q was calculated based on Pump Head, to meet
the minimum requirement.
Similarly, for the motor, the flow rate of 50 gpm was used for
streams with less than 50 gpm flow rate, to meet the minimum
requirement.
Detailed assumptions are found in A-39
Number required is 2 as each pump has a spare.
Bare module factor of 3.30 is used.
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UNIT SPECIFICATION SHEETS - DOWNSTREAM

PUMP TO PACK OUT STATION
Pump
D-PP-303
2

Identification

Item
Item No.
No. Required

Function

Pumps out DHA from a mixing tank (D-S-301) to a pack-out
station (D-PO-301)

Operation

Continuous

Type

Centrifugal, 3600 RPM, VSC, 75 HP

Stream ID

Stream In
D-S-306
17.6

42.6

Design Data

Material of Construction
Flow Rate (gpm)
Pseudo Flow Rate (gpm)
Pump Head (ft)
Brake Horsepower (hp)

Cast Iron
0.29
51.15
61.15
1.66

Cost of utilities/yr

10,320 kw-hr of electricity

$

700.00

$
$

4,260.00
15,360.00

$

1,307.00 (bare module)

$

15,360.00

Pressure (psia)

Stream Out
D-S-307

Purchase Cost
Bare Module Cost
Associated Costs

Motor

Total Bare Module Cost
Comments

The method of price estimation requires the size factor (S =
Q(H^0.5)) of the pump to be at least 400. Because the flow rate was
too low, Pseudo Q was calculated based on Pump Head, to meet
the minimum requirement.
Similarly, for the motor, the flow rate of 50 gpm was used for
streams with less than 50 gpm flow rate, to meet the minimum
requirement.
Detailed assumptions are found in A-39
Number required is 2 as each pump has a spare.
Bare module factor of 3.30 is used.
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17.

EQUIPMENT COST SUMMARY
The summary of all the equipment purchase costs, bare module and associated costs, and

respective total bare module costs for the upstream and downstream are presented in Table 17.1
and Table 17.2. The total cost for all plant equipment totaled $27.8 MM, of which 71.6% is
attributable to the upstream equipment.
In the upstream, one major cost is the U-PF-00X production fermentors, the three of which
come out to almost $5MM in costs, with the entire collection of production fermentors costing
almost $7.5MM. Furthermore, if these production fermentors constructed of monel, to minimize
corrosion concerns, the cost would be even more expensive. The other costly pieces of equipment
included the HTST-skids (U-HX-20X, U-HX-10X, and U-HX-00X) for a total cost of $3.6MM, the
U-CP-50X air compressor system for $4.2MM, and the U-RO-001 regenerative thermal oxidizer
for a price of $1.28MM. The total cost of the entire upstream fermentation process costs a total of
$19.9MM.
In the downstream, major costs included the D-BM-101 bead mill for $1.1MM, the D-FR101 cartridge filter and D-FR-301 lamella filters for $1.0MM, and the D-CM-101/102 condensers
for $1.1MM. The D-SD-001 spray dryer cost a total of $1.1MM as well. In total, the downstream
process units cost a total of $7.9MM.
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Table 17.1: Upstream Equipment Cost Summary
Unit Name
Fermentors
U-SF-50X (501-503)
U-SF-40X (401-403)
U-SF-30X (301-303)
U-SF-20X (201-203)
U-SF-10X (101-103)
U-PF-00X (001-003)

CP

FBM

Associated Costs

$
$
$
$
$
$

300.00
5,000.00
13,030.00
32,780.00
148,000.00
371,800.00

1.50
1.50
4.16
4.16
4.16
4.16

$
$
$
$
$
$

Storage Tanks
U-ST-201
U-ST-101
U-ST-001
U-ST-002

$
$
$
$

12,520.00
55,130.00
115,200.00
126,400.00

1.50
1.50
1.50
1.50

$
$
$
$

Pumps
U-PP-20X (201-203)
U-PP-10X (101-103)
U-PP-00X (001-003)
U-PP-00X (004-006)

$
$
$
$

4,128.00
4,127.00
5,987.00
4,184.00

3.30
3.30
3.30
3.30

$
$
$
$

Heat Exchangers
U-HX-20X (201-203)
U-HX-10X (101-103)
U-HX-00X (001-003)

$
$
$

109,700.00
109,700.00
588,000.00

1.50
1.50
1.50

$
$
$

Air Compressors
U-CP-50X 501-503)

$

651,200.00

2.15

Regenerative
Thermal Oxidizer
U-RO-001

$

703,700.00

Chiller
U-CH-001

$

CIP & SIP
CIP SYSTEM
SIP SYSTEM

$
$

275.00
850.00
4,700.00
26,000.00
76,500.00

CBM

Quantity

Total CBM

$
$
$
$
$
$

725.00
7,500.00
55,060.00
149,400.00
641,700.00
1,623,000.00

3
3
3
3
3
3
Subtotal

$
$
$
$
$
$
$

2,175.00
22,500.00
165,200.00
448,200.00
1,925,000.00
4,869,000.00
7,432,000.00

$
$
$
$

18,770.00
82,690.00
172,800.00
189,700.00

1
1
1
1
Subtotal

$
$
$
$
$

18,770.00
82,690.00
172,800.00
189,700.00
464,000.00

$
$
$
$

15,960.00
16,010.00
25,110.00
15,790.00

3
3
3
3
Subtotal

$
$
$
$
$

47,890.00
48,030.00
75,320.00
47,370.00
218,600.00

-

$
$
$

164,600.00
164,600.00
882,000.00

3
3
3
Subtotal

$
$
$
$

493,800.00
493,800.00
2,646,000.00
3,634,000.00

$

-

$

1,400,000.00

3
Subtotal

$
$

4,200,000.00
4,200,000.00

1.50

$

-

$

1,056,000.00

1
Subtotal

$
$

1,056,000.00
1,056,000.00

400,300.00

1.50

$

-

$

600,400.00

1
Subtotal

$
$

600,400.00
600,400.00

333,300.00
200,000.00

1.50
1.50

$
$

-

$
$

500,000.00
300,000.00

1
1
Subtotal

$
$
$

500,000.00
300,000.00
800,000.00

$

19,910,000.00

-

2,340.00
2,390.00
5,349.00
2,048.00

Total Upstream
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Table 17.2: Downstream Equipment Cost Summary
Unit Name
Storage Tanks
D-ST-001
D-ST-101
D-ST-102
D-ST-201
D-ST-202
D-ST-301

$
$
$
$
$
$

534,500.00
98,700.00
328,600.00
11,000.00
9,400.00
13,900.00

1.50
1.50
1.50
1.50
1.50
1.50

$
$
$
$
$
$

25,200.00
14,200.00
21,400.00
6,800.00
7,300.00

$
$
$
$
$
$

827,000.00
162,300.00
514,300.00
23,300.00
14,100.00
28,150.00

Pumps
D-PP-001
D-PP-002
D-PP-003
D-PP-004
D-PP-005
D-PP-006
D-PP-101
D-PP-102
D-PP-103
D-PP-104
D-PP-105
D-PP-106
D-PP-107
D-PP-108
D-PP-201
D-PP-202
D-PP-203
D-PP-204
D-PP-205
D-PP-206
D-PP-301
D-PP-302
D-PP-303

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

5,004.00
5,004.00
5,004.00
4,258.00
4,258.00
4,258.00
4,279.00
4,158.00
4,185.00
4,279.00
4,279.00
4,279.00
4,279.00
4,279.00
4,279.00
4,258.00
4,279.00
4,279.00
4,279.00
4,258.00
4,279.00
4,279.00
4,279.00

3.30
3.30
3.30
3.30
3.30
3.30
3.30
3.30
3.30
3.30
3.30
3.30
3.30
3.30
3.30
3.30
3.30
3.30
3.30
3.30
3.30
3.30
3.30

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

2,045.00
2,045.00
2,045.00
2,045.00
2,045.00
2,045.00
2,045.00
2,045.00
2,045.00
2,045.00
2,045.00
2,045.00
2,045.00
2,045.00
2,045.00
2,045.00
2,045.00
2,045.00
2,045.00
2,045.00
2,045.00
2,045.00
2,045.00

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

18,560.00
18,560.00
18,560.00
16,100.00
16,100.00
16,100.00
16,170.00
15,770.00
15,860.00
16,170.00
16,170.00
16,170.00
16,170.00
16,170.00
16,170.00
16,100.00
16,170.00
16,170.00
16,170.00
16,100.00
16,170.00
16,170.00
16,170.00

Heat Exchanger
D-HX-201

$

20,400.00

3.17 $

-

$

64,700.00

Centrifuges
D-CF-001
D-CF-101

$
$

20,000.00
10,000.00

2.03 $
2.03 $

-

$
$

40,600.00
20,300.00

Spray Dryer
D-SD-001

$

500,000.00

2.06 $

30,000.00 $

1,060,000.00

Bead Mill
D-BM-101

$

294,100.00

2.30 $

-

$

676,400.00

Scheibel Columns
D-SC-201
D-SC-202

$
$

142,000.00
142,000.00

1.50 $
1.50 $

-

$
$

213,000.00
213,000.00

Filters
D-FR-101
D-FR-301

$
$

387,400.00
53,010.00

2.32 $
2.32 $

-

$
$

898,800.00
123,000.00

Evaporators
D-FE-101
D-WF-101

$
$

10,440.00
213,100.00

3.17 $
2.53 $

-

$
$

33,090.00
539,100.00

Pack Out Stations
D-PO-101
D-PO-301

$
$

185,000.00
185,000.00

1.50 $
1.50 $

-

$
$

277,500.00
277,500.00

Condensers
D-CM-101
D-CM-102

$
$

23,420.00
307,600.00

3.17 $
3.17 $

-

$
$

74,500.00
975,400.00

Compressor
D-CP-101

$

37,260.00

2.15 $

-

$

80,200.00

CP

FBM

Associated Costs

Total Downstream
Total Process

142

CBM

Quantity

Total CBM
1
1
1
1
1
1

$
$
$
$
$
$
$

827,000.00
162,300.00
514,300.00
23,300.00
14,100.00
28,150.00
1,569,000.00

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

37,120.00
37,120.00
37,120.00
32,200.00
32,200.00
32,200.00
32,340.00
31,540.00
31,720.00
32,340.00
32,340.00
32,340.00
32,340.00
32,340.00
32,340.00
32,200.00
32,340.00
32,340.00
32,340.00
32,200.00
32,340.00
32,340.00
32,340.00
756,000.00

Subtotal

1 $
$

64,700.00
64,700.00

Subtotal

1 $
1 $
$

40,600.00
20,300.00
60,900.00

Subtotal

1 $
$

1,060,000.00
1,060,000.00

Subtotal

1 $
$

676,400.00
676,400.00

Subtotal

1 $
1 $
$

213,000.00
213,000.00
426,000.00

Subtotal

1 $
1 $
$

898,800.00
123,000.00
1,022,000.00

Subtotal

1 $
1 $
$

33,090.00
539,100.00
572,190.00

Subtotal

1 $
1 $
$

277,500.00
277,500.00
555,000.00

Subtotal

1 $
1 $
$

74,500.00
975,400.00
1,050,000.00

Subtotal

1 $
$

80,200.00
80,200.00

$
$

7,892,000.00
27,800,000.00

Subtotal

Subtotal
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18.

OPERATING COST – COST OF MANUFACTURE
The variable costs for this project are broken down into raw materials, utility costs, labor

costs, and other expenses that scale with production. Detailed assumptions for this portion of the
report are given in Appendix A covering Assumptions for Profitability. Most inputs were left
unchanged as standard accounting figures were used.
The general summary of all costs and investments is provided in Table 18.1 and 18.2.
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Table 18.1: Cost and Investment Summary
Variable Cost Summary
Variable Costs at 100% Capacity:
General Expenses
Selling / Transfer Expenses:
Direct Research:
Allocated Research:
Administrative Expense:
Management Incentive Compensation:
Total General Expenses

$
$
$
$
$

9,600,161
15,360,258
1,600,027
6,400,107
4,000,067

$

36,960,620

Raw Materials

$8.395448 per lb of DHA

$7,403,518

Byproducts

$0.000000 per lb of DHA

$0

Utilities

$5.770883 per lb of DHA

$5,089,047

Total Variable Costs

$

49,453,185

Direct Wages and Benefits
Direct Salaries and Benefits
Operating Supplies and Services
Technical Assistance to Manufacturing
Control Laboratory

$
$
$
$
$

5,824,000
873,600
349,440
4,200,000
4,550,000

Total Operations

$

15,797,040

$
$
$
$

1,649,454
412,363
1,649,454
82,473

$

3,793,743

General Plant Overhead:
Mechanical Department Services:
Employee Relations Department:
Business Services:

$
$
$
$

621,919
210,226
516,806
648,197

Total Operating Overhead

$

1,997,147

$

733,090

Fixed Cost Summary

Operations

Maintenance
Wages and Benefits
Salaries and Benefits
Materials and Services
Maintenance Overhead
Total Maintenance
Operating Overhead

Property Taxes and Insurance
Property Taxes and Insurance:
Other Annual Expenses
Rental Fees (Office and Laboratory Space):
Licensing Fees:
Miscellaneous:

$
$
$

-

Total Other Annual Expenses

$

-

Total Fixed Costs

$
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Table 18.2- Cost and Investment Summary

Investment Summary
Total Bare Module Costs:
Fabricated Equipment
Process Machinery
Spares
Storage
Other Equipment
Catalysts
Computers, Software, Etc.

$
$
$
$
$
$
$

918,604
27,320,628
-

Total Bare Module Costs:

$

28,239,232

$

31,063,155

$

36,654,523

$
$

41,053,065
1.15
47,211,025

Direct Permanent Investment
$
$
$

Cost of Site Preparations:
Cost of Service Facilities:
Allocated Costs for utility plants and related facilities:

1,411,962
1,411,962
-

Direct Permanent Investment

Total Depreciable Capital
$

Cost of Contingencies & Contractor Fees

5,591,368

Total Depreciable Capital
Total Permanent Investment
$
$
$

Cost of Land:
Cost of Royalties:
Cost of Plant Start-Up:

733,090
3,665,452

Total Permanent Investment - Unadjusted
Site Factor
Total Permanent Investment

Working Capital
Accounts Receivable
Cash Reserves
Accounts Payable
DHA Inventory
Raw Materials
Total

$
$
$
$
$
$

2019
11,835,815
1,013,797
(462,054)
1,578,109
18,255
13,983,922

$
$
$
$
$
$

2020
5,917,907
506,899
(231,027)
789,054
9,128
6,991,961

$
$
$
$
$
$

Present Value at 15%

$

12,159,932

$

5,286,927

$

$

69,255,212

Total Capital Investment
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2021
5,917,907
506,899
(231,027)
789,054
9,128
6,991,961
4,597,328
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ADDITIONAL CONSIDERATIONS

PLANT LOCATION
The plant location in Clinton, Iowa was chosen due to its close proximity to both a large
river and the ADM plant. Having both of these in close proximity is beneficial and convenient
when it comes to waste management disposal and raw material collection. ADM requires a large
amount of similar raw materials that we also require at a similar food grade quality, so ii is very
probably that raw material suppliers are nearby and familiar with the area. Furthermore, ADM
can also benefit from taking our hexane and biomass waste to burn in their own on-site
incinerator.
PLANT LAYOUT AND DESIGN
In the MS Visio diagrams, for both the upstream process and the downstream process,
unit processes and material streams were labelled according to their location within the plant. In
the upstream process, the U-500 to U-300 processes all take place on a smaller scale in the
laboratory. Similarly, the U-200 to U-000 processes are all located in the same general area. In the
downstream, the D-000 section of the plant contains the water removal equipment, the D-CF-001
disc-stack centrifuge and the D-SD-001 spray dryer. The D-100 equipment includes the D-BM-101
bead mill, the D-FE-101 flash evaporator and D-WF-101 wide film evaporator systems.
Importantly, this section also include usage of the flammable hexane material and its subsequent
disposal through the D-PO-101 pack out station. The D-200 section and D-300 section are expected
to be smaller and close to one another, involving extraction via the Scheibel columns and final
addition of antioxidant before packing in the D-PO-301 pack out station.
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ENVIRONMENT AND SAFETY
It was an important consideration factor that the byproducts and waste of the system do
not contaminate the surrounding environment. The U-RO-001 regenerative thermal oxidizer is
included in the upstream process with the purpose of preventing air pollutants from being
released into the environment. While most of the waste is considered safe enough for standard
disposal, special precautions were met for the disposal of the hexane and biomass mixture due to
its flammable nature. This mixture was loaded into a hopper and transferred to the D-PO-101
pack out station to package the waste in designated totes. This waste would be taken to be
incinerated for disposal. Cooling water streams are connected to many of pieces of equipment in
the downstream process to prevent overheating. Many of the reactions in this process give off
heat, and it’s important to keep the temperatures at a reasonable level. Furthermore, no outside
air was permitted to enter the downstream system to prevent hexane combustion. One of the final
steps in our product synthesis was to add antioxidant to the system, which prevents air from
reaching the product and contaminating it.
PROCESS CONTROLLABILITY
There are many different areas in which automation engineering would be important.
Namely, in the upstream fermentation process, it is essential that the temperature set point of
77ºF and the pH set point of 6.8 remain relatively constant. Alterations to these values may result
in adverse reactions on the part of the microalgae species, potentially resulting in diminished
yield of DHA triglyceride and other crude oils. Pressure control is also crucial in the fermentation
process. It is important in terms of product quality and safety that the process is run at positive
pressures; if a leak occurs at the fermentor walls, it is desirable that air be forced out rather than
unsterile air force its way into the system. Moreover, as the transfer of broth between fermentors
is driven by pressure differential rather than through pumps, due to sterility concerns, the
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pressure must be kept elevated, at about 1.5-2 atm (22.0 – 19.4 psi) above atmospheric pressure,
for proper transfer of broth. Therefore, the upstream fermentors should be equipped with
temperature gauges, pressure gauges, and pH gauges to provide up-to-date information on set
point conditions. Based on principles of control, as described by Stephanopoulos in the Chemical
Process Control textbook, PI or PID control should be implemented to eliminate offset.
In the downstream, process control is also necessary. An interesting aspect of the process
is that the upstream is fed-batch while the downstream is continuous; therefore, as a batch is
complete and then pumped into the D-ST-001 storage tank, the height of liquid in the tank will
invariably rise beyond set point. While it may be tempting to simply program the automated
system to use either PI or PID control to eliminate the deviation, this option is not necessarily
optimal. Increasing the flow rate of D-S-007 coming out of the storage tank would activate a chain
reaction of feedback control systems further downstream. Therefore, the decision was made to
simply allow the elevation of broth within the storage tank to rise above set point; the flow rate
of material leaving the storage vessel is such that on average over the course of many batches, the
average flow rate of the batches entering versus the stream leaving is equal, so there would be an
oscillatory motion of fluid height centered around the set point height, as seen in Figure 19.1.
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Figure 19.1. MATLAB plot of the D-ST-001 storage tank, with the top horizontal line giving the storage

tank volume and the lower horizontal line giving the suggested set point. In absence of control or
perturbations, the oscillatory lines give the volume of the broth inside the storage tank. Note that the
volume of the broth is proportional to broth height. Detailed explanations of the MATLAB file, including
code, are found in the assumptions section detailing the storage tank.

Of course, in the D-100 recycle hexane stream portion of the downstream, tight control
over the process is desired, especially in the D-FE-101 flash evaporator and the D-WF-101 wide
film evaporator. It is essential to remove all traces of hexane from entering further downstream;
that is, all of the hexane must be evaporated. The flash evaporator/ wide film evaporator system
uses elevated temperatures (~350ºF) to accomplish this function. Nevertheless, at temperatures
past 180ºC (356ºF), the crude oil begins to degrade. It is critical that responses to disturbances will
not overshoot on temperature; therefore, derivative control should be incorporated in the form
of a PID controller to alleviate an overshoot of integral control. Tying back into safety, as hexane
is a highly flammable material, it is best to automate the flash evaporator and wide-film
evaporator system as much as possible, to reduce the risk to the operators.
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The process involves usage of three types of steam: low-pressure steam to the hightemperature short time skids in the upstream, medium-pressure steam to the D-SD-001 spray
dryer, and high-pressure steam to the D-FE-101 flash evaporator and the D-WF-101 wiped film
evaporator. Steam presents a challenge in terms of control: as it flows through the valves, its
pressure drops. The difference in pressure can be approximated via Bernoulli’s equation:
∆𝑃𝑃 = 𝑃𝑃𝐹𝐹 − 𝑃𝑃𝑈𝑈 = 𝑘𝑘𝐹𝐹𝑠𝑠2 , which can be rearranged to 𝑃𝑃𝑈𝑈 = 𝑃𝑃𝐹𝐹 − 𝑘𝑘𝐹𝐹𝑠𝑠2 .

Where PF is the inlet steam pressure, PU is the unit process pressure, and Fs is the flow rate of
steam. k is a constant coefficient relating the pressure change and flow rates.
It is easy see that a deviation in inlet steam flow Fs or inlet pressure PF would necessarily
impact the pressure within the unit process. An increase in Fs would decrease PU due to increased
flow across the valve, and a decrease in PF would also decrease PU. Using normal control methods
of having a temperature measurement device manipulate the flow rate of steam would result in
a slow response to a flow rate or inlet pressure deviation. For example, an increase in Fs due to a
disturbance would decrease PU and cause the Tsat of the steam to decrease. This, then, would affect
the temperature of the system -only then would the temperature controller go into action. A
diagram of this type of temperature control setup is seen in Figure 19.2, below.
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Figure 19.2. The temperature controller (TC) acts slowly, and only when the vessel temperature T changes.

The image is from Prof. Seider’s lecture on cascade control.

An option to consider is cascade control, which involves a multiple-loop control system
using multiple measurements that are influenced by one single manipulated variable. In this case,
an internal pressure controller loop that manipulates FS is itself adjusted by a larger temperature
controller. The internal pressure controller loop of either PI or PID control can rapidly reject
disturbances (the characteristic equation of 1 + GOL will have a larger magnitude of negative
eigenvalues, indicating a faster response). The internal loop can eliminate steam temperature
perturbations before they effect the temperature of the system, but the temperature controller in
the outer loop can enforce added control on the set point pressure of the inner loop if necessary.
Fast response is essential in the D-FE-flash evaporator and the D-WF-101 wiped film evaporator.
A diagram of cascade control is shown below, in Figure 19.3.
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Figure 19.3: Diagram of cascade control. The inner pressure controller (PC) rapidly acts to alleviate

disturbances in pressure caused by changing flow rates or inlet pressure. The outer temperature controller
(TC) can act upon the pressure controller if necessary. The image is from Prof. Seider’s lecture of cascade
control.

In the D-200 section, temperature control is the most important automated system, as both
the D-CW-201 heat exchanger and the two Scheibel columns required cooling water. For optimal
extraction efficiency, it is suggested not to let the column temperature rise too high or too quickly,
so perhaps derivative control can be used to improve settling time and stability.
In summary, a combination of different types of control may be used. PI or PID should be
incorporated into the fermentors, while PID is highly suggested in the D-100 section. Engineers
may get away with using P control for the D-ST-001 storage tank, but given the high rate return
on investment and potential for profitability for this project, perhaps more advanced forms of
process control justify the expense. One possible source of manufacturer of advanced PID control
systems is the Experion SCADA system produced by Honeywell, providing a high level of
reliability, safety, and security (Honeywell, 2014).
Though the process is highly automated, 14 operators per shift should be present to
monitor activities in the plant. The calculation to reach this number is given in the Appendix A
covering profitability assumptions.
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CUSTOMER REQUIREMENTS – FOOD GRADE QUALITY
In the United States, the regulation of new food ingredients is regulated by the Food and
Drug Administration (FDA). Therefore, it is of paramount importance that the process outlined
in the report meets the regulations set by the FDA. In general, manufacturers either request a premarket review with the FDA through a food additive petition, or attempt to have their product
recognized as a “generally recognized as safe,” or GRAS, designation.
Of importance is the distinction between use and content of the substance with regards to
the GRAS marker; the use of a product determines its eligibility for GRAS determination.
Therefore, it is of paramount importance that the DHA product meet the GRAS guidelines set by
the United States Food and Drug Administration (FDA). Fortunately, the history of single cell oils
(SCOs), of which docosahexaenoic acid (DHA) is one example, is well-defined. An overview of
its history is provided through the reference Single Cell Oils, edited by Coehn and Ratledge. Over
the past few decades, many nonclinical and clinical studies have determined the safety of DHA
derived from the microalgae Crypthecodinium cohnii. In fact, this organism has been
commercialized by Martek corporation for consumption as infant formula in more than seventyfive countries, as of 2010.
As scientific studies have overwhelmingly supported the consumption of DHA in food
applications, there have been few mentions of potential safety and/or tolerability risks associated
with the oil. Furthermore, SCOs have been an important supplement in commercial infant
formula since 1995. In the United States, around 90% of all preterm infants and nearly all term
infants are given infant formula containing SCOs; over the past twenty-plus years, more than 50
million infants have consumed SCOs in their formula, with no patterns of adverse events present.
Rather, studies conducted on pre-term infants, considered to be vulnerable and at-risk in

153

ADDITIONAL CONSIDERATIONS
comparison to their full-term counterparts, demonstrate improvements in problem-solving tasks
(Cohen and Ratledge 2010).
As SCOs (including DHA) are produced by microalgae with no fish components, the FDA
has stated that they consider SCOs to be “highly refined oils” with minimal risk of allergic
reactions. Another concern with taking DHA supplements is risk of bleeding; early studies using
omega-3 fatty acids derived from fish reported inhibition of platelet aggregation in vitro, leading
to prolonged bleeding times. While there may be concern with fish-derived oils, no clinical data
has shown a correlation between algal-DHA and increased bleeding time. In three separate
studies conducted by Sanders, Nelson, and Feretti, consumption of DHA has been shown to have
no impact on levels of clotting factors fibrinogen and prothrombin, or in vivo bleeding times.
Upon receiving these results, in 1997, the FDA reaffirmed the use of “up to 3g/day of DHA and
EPA as safe for use in food” (Cohen and Ratledge 2010).
Given the high purity of the final product (upwards of 98% docosahexaenoic fatty acid),
it is almost certain that our process will meet and exceed the guidelines stipulated by the United
States Food and Drug Administration.
In terms of the process itself, we maintain food grade quality by using only
pharmaceutical-grade raw materials (i.e. highly pure glycerol as opposed to biodiesel-derived
glycerol), and implement various sterilization, centrifugation, and filtration methods to remove
any possible contaminants that would lower the quality of our final product.
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PROFITABILITY ANALYSIS

SUMMARY OF ECONOMICS
Via the Profitability Analysis-4.0.xls spreadsheet, economic data for the process over its
lifespan were determined. Results are summarized in Tables 20.1-20.7. A conservative plant life
of 20 years was selected. Design and construction of the process will begin in 2018 and 2019,
respectively. The DHA market is still quite young with a dearth in participants, with one major
player being Martek Corporation. Nevertheless, our financial analysis indicates that the process
for production of high-purity DHA from heterotrophic microalgae species of Schizochytrium has
great potential for profitability. Given our production rate of 1,148,000 lb DHA per year, at a
market price of $363.90/lb, the expected return on investment by the third production year is
206.5%. In addition, the internal rate of return for the project is 153.8%, and the net present value
in 2018 is approximately $776MM.
Note that figures for the financial tables are left to their default settings and are not
rounded to four significant digits, for sake of clarity in calculations.
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Table 20.1: General Information and Plant Economic Specifications
General Information
Process Title:
Product:
Plant Site Location:
Site Factor:
Operating Hours per Year:
Operating Days Per Year:
Operating Factor:

Product Information
This Process will Yield

Price

145 lb of DHA per hour
3,479 lb of DHA per day
1,148,000 lb of DHA per year
$362.90 /lb

Chronology
Year
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039

On the Production of High-Purity Docosahexaenoic Acid from Heterotrophic Microalgae

DHA
Clinton, Iowa
1.15
7919
330
0.9040

Action
Design
Construction
Production
Production
Production
Production
Production
Production
Production
Production
Production
Production
Production
Production
Production
Production
Production
Production
Production
Production
Production
Production

Production
Distribution of
Capacity
Permanent Investment
0.0%
0.0%
100%
45.0%
0%
67.5%
0%
90.0%
0%
90.0%
90.0%
90.0%
90.0%
90.0%
90.0%
90.0%
90.0%
90.0%
90.0%
90.0%
90.0%
90.0%
90.0%
90.0%
90.0%
90.0%
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Depreciation
10 year MACRS

Product Price

10.00%
18.00%
14.40%
11.52%
9.22%
7.37%
6.55%
6.55%
6.56%
6.55%
3.28%

$362.90
$362.90
$362.90
$362.90
$362.90
$362.90
$362.90
$362.90
$362.90
$362.90
$362.90
$362.90
$362.90
$362.90
$362.90
$362.90
$362.90
$362.90
$362.90
$362.90
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Table 20.2: General Information and Plant Economic Specifications, continued
Equipment Costs

Equipment Description

Total Bare Module Cost

U-SF-50X FERMENTORS
U-SF-40X FERMENTORS
U-SF-30X FERMENTORS
U-SF-20X FERMENTORS
U-SF-10X FERMENTORS
U-PF-00X FERMENTORS
U-CP-50X AIR COMPRESSORS
U-RO-001 OXIDIZER
U-CH-001 CHILLER
U-HX-XXX HEAT EXCHANGERS
U-ST-XXX STORAGE TANKS
U-PP-XXX PUMPS
CIP/SIP SYSTEM
D-CF-001 CENTRIFUGE
D-CF-101 CENTRIFUGE
D-SD-001 SPRAY DRYER
D-BM-101 BEAD MILL
D-PO-101 PACK OUT
D-PO-301 PACK OUT
D-FR-101 FILTER
D-FR-301 FILTER
D-FE-101 FLASK EVAPORATOR
D-WF-101 WIPED FILM EVAPAPORATOR
D-CD-101 CONDENSER
D-CD-102 CONDENSER
D-CP-101 COMPRESSOR
D-SC-201 SCHEIBEL COLUMN
D-SC-202 SCHEIBEL COLUMN
D-HX-XXX HEAT EXCHANGERS
D-ST-XXX STORAGE TANKS
D-PP-XXX PUMPS

Fabricated Equipment
Fabricated Equipment
Fabricated Equipment
Fabricated Equipment
Fabricated Equipment
Fabricated Equipment
Process Machinery
Fabricated Equipment
Fabricated Equipment
Fabricated Equipment
Fabricated Equipment
Fabricated Equipment
Fabricated Equipment
Process Machinery
Process Machinery
Fabricated Equipment
Process Machinery
Fabricated Equipment
Fabricated Equipment
Fabricated Equipment
Fabricated Equipment
Fabricated Equipment
Fabricated Equipment
Fabricated Equipment
Fabricated Equipment
Process Machinery
Fabricated Equipment
Fabricated Equipment
Fabricated Equipment
Fabricated Equipment
Process Machinery

$2,175
$22,500
$165,200
$448,200
$1,925,000
$4,870,000
$5,700,000
$1,056,000
$600,400
$3,633,000
$464,000
$218,600
$800,000
$40,600
$20,300
$1,060,000
$676,400
$277,500
$277,500
$898,800
$123,000
$33,090
$539,100
$74,500
$975,400
$80,200
$213,000
$213,000
$64,700
$1,569,000
$756,000

$27,800,000

Total
Raw Materials
Raw Material:
1 Glycerol
2 Corn Steep Solids
3 Ammonium Acetate
4 Sodium Chloride
5 Yeast Extract
6 Ammonium Hydroxide
7 Hydrochloric Acid
8 Hexane
9 Sodium Hydroxide
10 Acetic Acid
11 Abscorbyl Palmitate
Total Weighted Average:
Byproducts

Byproduct:
Total Weighted Average:

Unit:
lb
lb
lb
lb
lb
lb
lb
lb
lb
lb
lb

Required Ratio:
21.59623 lb per lb of DH
0.044983 lb per lb of DH
0.008639 lb per lb of DH
0.077734 lb per lb of DH
1.99534 lb per lb of DH
0.000864 lb per lb of DH
0.000864 lb per lb of DH
0.703693 lb per lb of DH
0.26354 lb per lb of DH
0.608833 lb per lb of DH
0.000005 lb per lb of DH

Unit:

Ratio to Product
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0.35
0.2
0.4
0.325
5
0.15
0.12
0.2
0.19
0.35
20.25

Cost of Raw Material:
per lb
per lb
per lb
per lb
per lb
per lb
per lb
per lb
per lb
per lb
per lb
$17.977 per lb of DHA

Byproduct Selling Price
$
per lb of DHA
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Table 20.3: General Information and Plant Economic Specifications, continued
Utilities
1
2
3
4
5
6
7
8

Utility:
Low-Pressure Steam
Medium-Pressure Steam
High-Pressure Steam
Cooling Water
Process Water
Chilled Water Refrigeration
Electricity
Hydrocarbon (Methane)
Total Weighted Average:

Unit:
1000 lb
1000 lb
1000 lb
1000 lb
1000 lb
kWh
kWh
lb

Required Ratio
4.944346 lb per lb of DHA
0.057007 lb per lb of DHA
14.22306 lb per lb of DHA
1.204044 1000 lb per lb of DHA
41.16862 lb per lb of DHA
19.83671 kWh per lb of DHA
6.189895 kWh per lb of DHA
0.79062 lb per lb of DHA

Variable Costs
General Expenses:

Working Capital

Selling / Transfer Expenses:
Direct Research:
Allocated Research:
Administrative Expense:
Management Incentive Compensation:

3.00%
4.80%
0.50%
2.00%
1.25%

Utility Cost
$5.767
$6.728
$7.690
$0.012
$0.017
$0.067
$0.07
$0.09
$9.427

per 1000 lb
per 1000 lb
per 1000 lb
per 1000 lb
per 1000 lb
per kWh
per kWh
per lb
per lb of DHA

of Sales
of Sales
of Sales
of Sales
of Sales

Accounts Receivable
30
Days
Cash Reserves (excluding Raw Materials)
30
Days
Accounts Payable
30
Days
DHA Inventory
4
Days
Raw Materials
2
Days
Total Permanent Investment
Cost of Site Preparations:
5.00% of Total Bare Module Costs
Cost of Service Facilities:
5.00% of Total Bare Module Costs
Allocated Costs for utility plants and related facilities:
$0
Cost of Contingencies and Contractor Fees:
18.00% of Direct Permanent Investment
Cost of Land:
2.00% of Total Depreciable Capital
Cost of Royalties:
$0
Cost of Plant Start-Up:
10.00% of Total Depreciable Capital
Fixed Costs
Operations
Operators per Shift:
14 (assuming 5 shifts)
Direct Wages and Benefits:
$40 /operator hour
Direct Salaries and Benefits:
15% of Direct Wages and Benefits
Operating Supplies and Services:
6% of Direct Wages and Benefits
Technical Assistance to Manufacturing:
$60,000.00 per year, for each Operator per Shift
Control Laboratory:
$65,000.00 per year, for each Operator per Shift
Maintenance
Wages and Benefits:
4.50% of Total Depreciable Capital
Salaries and Benefits:
25% of Maintenance Wages and Benefits
Materials and Services:
100% of Maintenance Wages and Benefits
Maintenance Overhead:
5% of Maintenance Wages and Benefits
Operating Overhead
General Plant Overhead:
7.10% of Maintenance and Operations Wages and Benefits
Mechanical Department Services:
2.40% of Maintenance and Operations Wages and Benefits
Employee Relations Department:
5.90% of Maintenance and Operations Wages and Benefits
Business Services:
7.40% of Maintenance and Operations Wages and Benefits
Property Taxes and Insurance
Property Taxes and Insurance:
2% of Total Depreciable Capital
Straight Line Depreciation
Direct Plant:
8.00% of Total Depreciable Capital, less 1.18 times the Allocated Costs
for Utility Plants and Related Facilities
Allocated Plant:
6.00% of 1.18 times the Allocated Costs for Utility Plants and Related Facilities
Other Annual Expenses
Rental Fees (Office and Laboratory Space):
Licensing Fees:
Miscellaneous:
Depletion Allowance
Annual Depletion Allowance:

$0
$0
$0
$0
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Table 20.4: Variable and Fixed Cost Summary
Variable Cost Summary
Variable Costs at 100% Capacity:
General Expenses
Selling / Transfer Expenses:
Direct Research:
Allocated Research:
Administrative Expense:
Management Incentive Compensation:
Total General Expenses

$
$
$
$
$

12,704,916
20,327,866
2,117,486
8,469,944
5,293,715

$

48,913,927

$17.977333 per lb of DHA

$20,637,978

Byproducts

$0.000000 per lb of DHA

$0

Utilities

$9.426760 per lb of DHA

$10,821,920

Raw Materials

Total Variable Costs

$

80,373,825

Direct Wages and Benefits
Direct Salaries and Benefits
Operating Supplies and Services
Technical Assistance to Manufacturing
Control Laboratory

$
$
$
$
$

5,824,000
873,600
349,440
4,200,000
4,550,000

Total Operations

$

15,797,040

$
$
$
$

1,623,632
405,908
1,623,632
81,182

$

3,734,355

General Plant Overhead:
Mechanical Department Services:
Employee Relations Department:
Business Services:

$
$
$
$

619,627
209,451
514,901
645,808

Total Operating Overhead

$

1,989,788

$

721,614

Fixed Cost Summary

Operations

Maintenance
Wages and Benefits
Salaries and Benefits
Materials and Services
Maintenance Overhead
Total Maintenance
Operating Overhead

Property Taxes and Insurance
Property Taxes and Insurance:
Other Annual Expenses
Rental Fees (Office and Laboratory Space):
Licensing Fees:
Miscellaneous:

$
$
$

-

Total Other Annual Expenses

$

-

Total Fixed Costs

$
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Table 20.5: Investment Summary
Investment Summary
Total Bare Module Costs:
Fabricated Equipment
Process Machinery
Spares
Storage
Other Equipment
Catalysts
Computers, Software, Etc.

$
$
$
$
$
$
$

20,523,665
7,273,500
-

Total Bare Module Costs:

$

27,797,165

$

30,576,882

$

36,080,720

$
$

40,410,407
1.15
46,471,968

Direct Permanent Investment
$
$
$

Cost of Site Preparations:
Cost of Service Facilities:
Allocated Costs for utility plants and related facilities:

1,389,858
1,389,858
-

Direct Permanent Investment

Total Depreciable Capital
$

Cost of Contingencies & Contractor Fees

5,503,839

Total Depreciable Capital
Total Permanent Investment
$
$
$

Cost of Land:
Cost of Royalties:
Cost of Plant Start-Up:

721,614
3,608,072

Total Permanent Investment - Unadjusted
Site Factor
Total Permanent Investment

Working Capital
Accounts Receivable
Cash Reserves
Accounts Payable
DHA Inventory
Raw Materials
Total

$
$
$
$
$
$

2019
15,663,595
1,222,942
(1,163,585)
2,088,479
50,888
17,862,319

$
$
$
$
$
$

2020
7,831,798
611,471
(581,793)
1,044,240
25,444
8,931,159

$
$
$
$
$
$

Present Value at 15%

$

15,532,451

$

6,753,240

$

$

74,630,041

Total Capital Investment
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2021
7,831,798
611,471
(581,793)
1,044,240
25,444
8,931,159
5,872,382

$368.90
$368.90
$368.90

0%

45%

68%

90%

90%

90%

90%

90%

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

-

-

262,595,700
337,505,800
402,544,700
459,061,500
508,206,500
550,941,700
588,102,500
620,327,900
648,273,100
672,573,300

173,603,500
173,271,600
173,004,600
172,886,300
172,886,300
172,887,700
172,886,300
172,414,300
171,940,900
171,940,900

169,447,000
169,945,000
170,345,500
170,523,000
170,523,000
170,520,800
170,523,000
171,230,900
171,940,900
171,940,900

(112,964,700)
(113,296,600)
(113,563,600)
(113,682,000)
(113,682,000)
(113,680,500)
(113,682,000)
(114,153,900)
(114,627,300)
(114,627,300)

282,411,700
283,241,600
283,909,100
284,205,000
284,205,000
284,201,300
284,205,000
285,384,800
286,568,200
286,568,200

(4,156,500)
(3,326,600)
(2,659,100)
(2,363,300)
(2,363,300)
(2,366,900)
(2,363,300)
(1,183,400)
-

(22,242,800)
(22,242,800)
(22,242,800)
(22,242,800)
(22,242,800)
(22,242,800)
(22,242,800)
(22,242,800)
(22,242,800)
(22,242,800)

(72,336,400)
(72,336,400)
(72,336,400)
(72,336,400)
(72,336,400)
(72,336,400)
(72,336,400)
(72,336,400)
(72,336,400)
(72,336,400)

-

-

381,147,500
381,147,500
381,147,500
381,147,500
381,147,500
381,147,500
381,147,500
381,147,500
381,147,500

$368.90
$368.90
$368.90
$368.90
$368.90
$368.90
$368.90
$368.90

90%

90%

90%

90%

90%

90%

2028

2029

2030

2031

2032

176,284,100
174,019,200
168,823,600

(112,549,000)

281,372,600

(5,195,600)

-
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754,031,300
764,537,000
775,570,400

171,940,900
171,940,900
207,665,600

171,940,900
171,940,900
171,940,900

(114,627,300)
(114,627,300)
(114,627,300)

286,568,200
286,568,200
286,568,200

-

(22,242,800)
(22,242,800)
(22,242,800)

(72,336,400)
(72,336,400)
(72,336,400)

-

-

381,147,500
381,147,500
381,147,500

$368.90
$368.90
$368.90

90%

90%

90%

2037

2038

2039

35,724,600

741,949,800
171,940,900
171,940,900
(114,627,300)
286,568,200
(22,242,800)
(72,336,400)

-

-

381,147,500

$368.90

90%

2036

728,056,100
171,940,900
171,940,900
(114,627,300)
286,568,200
(22,242,800)

(72,336,400)

-

-

381,147,500

$368.90

90%

2035

693,703,900
712,078,400

171,940,900
171,940,900

171,940,900
171,940,900

(114,627,300)
(114,627,300)

286,568,200
286,568,200

-

(22,242,800)
(22,242,800)

(72,336,400)
(72,336,400)

-

-

381,147,500

$368.90
$368.90

90%

90%

2033

2034

381,147,500

381,147,500

381,147,500
-

76,788,000
119,285,900

121,722,600

(81,148,400)

202,871,000

(6,494,500)

(22,242,800)

(54,252,300)
(22,242,800)

(8,931,200)

-

71,809,700

77,132,800

(51,421,900)

(1,644,400)

(55,942,900)

128,554,600

(64,334,300)

-

(3,608,100)

-

-

-

-

-

-

Cash Flow

(22,242,800)

-

-

Net Earnings

-

Taxes

-

Depreciation Taxible Income

-

Fixed Costs

(36,168,200)

-

-

Var Costs

(72,336,400)

(8,931,200)

(17,862,300)

-

-

(46,472,000)

-

Capital Costs Working Capital

-

285,860,600

190,573,700

Sales

Cumulative Net
Present Value at
15%

-

$368.90

$368.90

0%

Year

Product
Unit Price

Percentage of
Design
Capacity

Table 20.6: Cash Flow Summary
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Table 20.7. Profitability Measures
The Internal Rate of Return (IRR) for this project is
The Net Present Value (NPV) of this project in 2018 is

153.84%
$

775,570,400

ROI Analysis (Third Production Year)
Annual Sales
Annual Costs
Depreciation
Income Tax
Net Earnings
Total Capital Investment
ROI

381,147,480
(94,579,240)
(3,717,757)
(113,140,193)
169,710,290
82,196,605
206.47%

SENSITIVITY ANALYSES
From Table XX: Profitability measures, one can observe that our process has an enormous
profitability potential to investors, with a ROI of 206.47%, an IRR of 153.84%, and a NPV of
$776MM. Nevertheless, during this design project, our group made considerable assumptions
regarding our process. For the sake of rigor, we would like to conduct sensitivity analyses with
relaxed assumptions. Note that price sensitivity of raw materials was not a major concern; per Dr.
Bockrath, the raw materials used are common commodities with relatively stable prices.
DOCOSAHEXAENOIC ACID PRICE SENSITIVITY
Perhaps the major concern in terms of economic profitability is the price point at which
the product will be sold. Dr. Bockrath provided the group with an $800/kg rate for high-purity
DHA. Currently, supplemental prices on online retail giants such as Amazon list prices ranging
from $400/kg for product that is of low ratio (2:1) DHA:EPA, to prices around $1,400/kg for
product that is of high ratio (91:9) DHA:EPA. Our product has a theoretical split of approximately
98:2 DHA to EPA, indicating an extremely high-grade product. It is probably that we can increase
the price to levels above $800/kg ($362.90/lb). Table 20.8 shows the impact of DHA price (dollars)
on our IRR, with changing variable costs, fixed costs, and total permanent investment.
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0.2
0.3
0.4
0.6
0.8
1
1.2
1.4
1.6
1.8
2

0.2
0.3
0.4
0.6
0.8
1
1.2
1.4
1.6
1.8
2

0.2
0.3
0.4
0.6
0.8
1
1.2
1.4
1.6
1.8
2

$73.78
$110.67
$147.56
$221.34
$295.12
$368.90
$442.68
$516
$590
$664
$738

$73.78
$110.67
$147.56
$221.34
$295.12
$368.90
$442.68
$516
$590
$664
$738

$73.78
$110.67
$147.56
$221.34
$295.12
$368.90
$442.68
$516
$590
$664
$738

Product Price

Product Price

Total Permanent Investment
$41,824,771
$46,471,968
$51,119,164
$55,766,361
$60,413,558
$65,060,755
$69,707,951
Negative IRR
Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
15.90%
13.10%
10.68%
8.55%
6.67%
4.99%
3.47%
47.48%
41.26%
36.09%
31.74%
28.03%
24.86%
22.10%
96.54%
84.57%
74.64%
66.32%
59.29%
53.29%
48.13%
137.02%
120.60%
106.88%
95.34%
85.55%
77.19%
69.98%
171.96%
152.03%
135.23%
121.01%
108.89%
98.50%
89.52%
202.71%
180.00%
160.70%
144.23%
130.11%
117.95%
107.41%
230.09%
205.20%
183.83%
165.47%
149.64%
135.93%
124.01%
254.68%
228.07%
205.02%
152.69%
139.53%
185.06%
167.75%
276.91%
248.97%
224.54%
203.23%
184.64%
168.39%
154.13%
297.12%
268.14%
242.60%
220.16%
200.46%
183.16%
167.93%

$23,235,984
$27,883,181
$32,530,377
$37,177,574
Negative IRR Negative IRR Negative IRR Negative IRR
33.21%
27.68%
23.06%
19.18%
89.97%
75.77%
64.31%
55.04%
177.62%
150.83%
128.92%
111.09%
243.87%
209.56%
180.73%
156.81%
295.90%
257.27%
223.93%
195.70%
337.86%
296.90%
260.69%
229.41%
372.43%
330.38%
292.40%
259.01%
401.40%
359.03%
320.07%
285.25%
426.03%
383.85%
344.42%
308.69%
447.22%
405.55%
366.03%
329.75%

Fixed Costs
$22,242,797
$24,467,077
$26,691,356
$28,915,636
$31,139,916
$33,364,195
Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
13.10%
10.77%
8.34%
5.78%
3.01%
-0.05%
41.26%
39.37%
37.49%
35.62%
33.77%
31.92%
84.57%
82.77%
80.97%
79.18%
77.40%
75.63%
120.60%
118.84%
117.09%
115.35%
113.61%
111.89%
152.03%
150.32%
148.62%
146.93%
145.24%
143.56%
180.00%
178.35%
176.71%
175.07%
173.43%
171.79%
205.20%
203.60%
202.01%
200.42%
198.83%
197.25%
228.07%
226.53%
224.99%
223.45%
221.91%
220.38%
248.97%
247.47%
245.98%
244.49%
243.00%
241.52%
268.14%
266.70%
265.25%
263.81%
262.37%
260.93%

$20,018,517
Negative IRR
15.37%
43.16%
86.39%
122.36%
153.74%
181.66%
206.80%
229.62%
250.46%
269.59%

$11,121,398
$13,345,678
$15,569,958
$17,794,238
Negative IRR Negative IRR Negative IRR Negative IRR
24.11%
21.95%
19.78%
17.59%
50.90%
48.94%
47.01%
45.08%
93.76%
91.90%
90.06%
88.22%
129.48%
127.69%
125.91%
124.13%
160.62%
158.89%
157.17%
155.45%
188.31%
186.64%
184.98%
183.32%
213.23%
211.62%
210.01%
208.40%
235.83%
234.28%
232.72%
231.17%
256.47%
254.96%
253.46%
251.96%
275.40%
273.94%
272.49%
271.04%

Variable Costs
$85,490,879
$94,039,967 $102,589,055 $111,138,143 $119,687,231 $128,236,319
Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
13.10%
5.07%
-6.97%
Negative IRR Negative IRR Negative IRR
41.26%
35.94%
30.46%
24.77%
18.75%
12.16%
84.57%
80.11%
75.62%
71.09%
66.53%
61.93%
120.60%
116.55%
112.48%
108.40%
104.30%
100.19%
152.03%
148.25%
144.48%
140.69%
136.90%
133.09%
180.00%
176.45%
172.90%
169.34%
165.77%
162.20%
205.20%
201.83%
198.46%
195.09%
191.72%
188.34%
228.07%
224.87%
221.66%
218.45%
215.24%
212.03%
248.97%
245.90%
242.84%
239.77%
236.70%
233.64%
268.14%
265.21%
262.27%
259.33%
256.40%
253.46%

$76,941,791
Negative IRR
19.87%
46.47%
89.01%
124.64%
155.79%
183.55%
208.56%
231.28%
252.03%
271.08%

$59,843,616
-6.99%
31.91%
56.62%
97.80%
132.69%
163.31%
190.64%
215.29%
237.68%
258.15%
276.94%

$68,392,704
Negative IRR
26.06%
51.59%
93.42%
128.67%
159.55%
187.10%
211.93%
234.48%
255.09%
274.01%

$42,745,440
14.12%
43.03%
66.51%
106.51%
140.70%
170.80%
197.71%
222.00%
244.08%
264.26%
282.80%

$51,294,528
5.85%
37.55%
61.60%
102.17%
136.70%
167.06%
194.17%
218.64%
240.88%
261.21%
279.87%

Table 20.8: Sensitivity Analyses for IRR, varying DHA price and (A) Variable Costs, (B) Fixed Costs, (C) Total Permanent Investment
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PROFITABILITY ANALYSIS
DOCOSAHEXAENOIC ACID PRICE SENSITIVITY, CONTINUED
In terms of price impact on internal rate of return, a DHA market price of $106/lb will still
yield a healthy IRR of 30%. In addition, the price sensitivity of DHA can be directly plotted against
the NPV of our process, as seen in Figure 20.1. The dotted lines indicate the low-grade DHA price
and the high-grade DHA price, respectively. As our product is purer than the high-grade DHA
on the market, presumably it is possible to capture a share of the high-purity DHA market, either
by offering competitive prices for a higher DHA quality product, or even increasing the price to
carve out a new market niche.
At the high-end DHA price levels, the process will give a NPV of $1.48B, whereas at the
low-end price levels, the process will still return a positive NPV of $255MM. One would need to
depress the prices of the market to $87.34/lb before the NPV becomes negative. To have the DHA
floor price drop ~52% to $87.34/lb is highly unlikely, given that the DHA market has been
relatively stable for the past several years.

Figure 20.1: NPV versus price of DHA. Dotted lines indicate the low-grade and high-grade ranges.
The leftmost line is the NPV breakeven point, while the solid black line our current price of DHA.
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PROFITABILITY ANALYSIS
SCHIZOCHYTRIUM DHA PRODUCTION YIELD SENSITIVITY
Yield is another key assumption in our process. The Schizochytrium strain in use gives a
maximum yield of 21.26 g/L (1.33 lb/ft3). Nevertheless, this value was obtained in small-scale
laboratory conditions in which conditions were carefully monitored and perturbations were
quickly resolved (Chang, et al., 2013). Though scalability of yields is usually a reasonable
assumption, per Dr. Bockrath, it is still useful to conduct sensitivities on DHA yield. According
to Figure 20.2, the DHA production yield has to decline to a rate of 0.32 lb/ft3 before the NPV
becomes 0. In other words, a 76% decrease in Schizochytrium production efficiency will result in a
NPV of 0. Though we may expect to see modest decreases in production as we scale the Chang
et. al. process, it is unlikely to approach these levels.

Figure 20.2: NPV versus DHA yield. The leftmost vertical line is the NPV breakeven yield, while the solid
vertical black line is the DHA yield from the Chang et. al. paper.
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PROFITABILITY ANALYSIS
EXTRACTION & PURIFICATION EFFICIENCY SENSITIVITY
As evidence by the preliminary synthesis, the downstream purification and extraction
efficiency was a major component of determining the total mass of DHA product produced.
Before the downstream mass balances were completed, the upstream was calculated using a 40%
DHA loss assumption in the downstream, using the tPA example as a model (Seider, et al., 2017).
After completion of the downstream, it was calculated that the DHA loss was only 18.4%, thus
resulting in our production total of 1,148,000 lb DHA/year. Most of the assumptions of
downstream operational efficiencies were via industrial heuristics from Dr. Bockrath; paper
sources gave much lower efficiencies, on the order of ~50% yield (Byreddy, Barrow, & Puri, 2016).
Therefore, it is possible that downstream losses exceed 18.4%. Figure 20.3 shows the
impact of decreasing yields to 40-50%, similar to those obtained via lab-scale experiments.

Figure 20.3: NPV versus Downstream Purification/Extraction Yield. The leftmost vertical line is the NPV
breakeven yield, while the solid vertical black line is the DHA yield from the Chang et. al. paper.
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PROFITABILITY ANALYSIS
EXTRACTION & PURIFICATION EFFICIENCY SENSITIVITY, CONTINUED
The NPV breakeven point is at less than 20% downstream yield efficiency, which is much
lower than lab-sale values of 40-50% yield. These lab-scale values, in turn, are lower than
industry-suggested heuristics, per Dr. Bockrath. Therefore, our process has a lot of room to work
with respect to losses in the downstream extraction and purification.
PRODUCTION CAPACITY AND BATCH REPAIR SENSITIVITY
The sensitivity of production capacity is similar to that of DHA concentration yield in the
upstream, as both directly influence the amount of DHA triglyceride produced per year. Our
Gantt chart suggests that we can produce a maximum of 159 batches per year. For overall
economic estimates and mass balances, we assumed a total of 150 batches were produced per
year. Therefore, our process has the potential to exceed a yearly amount of 1,148,000 lb/DHA
production.
On the other hand, we have prepared for contingencies by having safeguards in place if
equipment fails. In the upstream, there are three batches run in parallel, so failure of one batch
has no impact on the production capabilities of the other two batches. While the process
equipment relating to the malfunctioning batch is fixed, the other batches are in full operation.
Pumps exist throughout the process, and as process equipment, they are prone to breakdown. All
pumps in the downstream include a spare, so that the process can continue to run even as the
faulty pump is being repaired.
Figure 20.4, below, shows the impact to NPV of increasing to 159 batches per year
(maximum capacity), as well as dropping to 100 batches/year and 50 batches/yr (representing
one faulty batch process and two faulty batch processes, respectively).
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Figure 20.4: NPV versus Batches per Year. The leftmost two vertical lines give results for 50 and 100
batches, while the far right vertical line gives the maximum batch capacity (159/year). The black vertical
line shows the 150 batch/year operating number.

Interestingly, even operating with two batch processes down gives a positive NPV of
$91MM. Operation with one batch process down at 100 batches/year gives a NPV of $419MM.
The maximum NPV possible is $805MM, through operation at the minimum cycle time for 330
days/year (159 batches/year). A note to the astute reader: the batches/year number does not take
into account that faulty equipment will be repaired or replaced so that production once again
approaches normal values. In other words, the 50 batches/year and 100 batches/year results
represent the theoretical cases if the process lost two sets and one set of upstream equipment,
respectively, without the possibility of replacement.
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PROFITABILITY ANALYSIS
CORROSION-RESISTANT VESSELS SENSITIVITY
According to patents from Martek, elevated sodium chloride levels in fermentation can
lead to corrosion concerns in the lining of unit processes (United States of America Patent No.
US5583019 A, 1996). Our upstream process involves fermentation at low, near-ambient
temperatures (77ºF), so corrosions from chloride ions are less of an issue, as detailed in Appendix
A-1 covering the fermentors. The high-temperature short time skids, however, heated up broth
to 216ºF, so it was decided to construct these unit processes out of monel.
If the U-SF-30X, U-SF-20X, U-SF-10X, and U-PF-00X fermentors were constructed of
monel rather than 316SS, the total bare module cost of these vessels is $10,440,000, as compared
to the current price of $7,394,000 for 316SS. The difference in price is relatively modest compared
to the revenues and costs of the overall process overall, but Table 20.9 nonetheless gives updated
ROI, IRR, and NPV values if the fermentors were constructed of monel. Realistically, it may not
even be possible to find a shop that constructs monel vessels of the sizes in the project. The ROI
decreases to 188.62%, the IRR to 140.63%, and the NPV decreases to $741MM.

Table 20.9. Profitability Measures using Monel Fermentors
The Internal Rate of Return (IRR) for this project is
The Net Present Value (NPV) of this project in 2018 is
ROI Analysis (Third Production Year)
Annual Sales
Annual Costs
Depreciation
Income Tax
Net Earnings
Total Capital Investment
ROI

374,948,280
(99,194,282)
(4,125,704)
(108,651,318)
162,976,976
86,405,465
188.62%
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140.63%
$

740,574,600

21.

CONCLUSIONS AND RECOMMENDATIONS
Overall, the design and profitability of the process to produce high-quality

docosahexaenoic acid from the heterotrophic microalgae Schizochytrium is extremely
profitable, with an estimated NPV of $776MM and an IRR of 153.8%. The ROI at the third
production year is calculated to be 206.5%. Sensitivity analyses covering price of DHA,
DHA upstream yields, downstream extraction and purification efficiencies, batch
production, and corrosion-resistant vessels indicate that our process has a large margin.
Even using very conservative estimates on price of DHA gives a favorable return on
investment.
The design and profitability analysis to manufacture upwards of 400 metric tons
per year of DHA via Schizochytrium fermentation has been presented. Under current
economic conditions, the process has been shown to give a large positive NPV. The three
project authors highly recommend conducting further research on the potential of
Schizochytrium in omega-3 fatty acid production.
We fully support the possibility for future senior design groups to build upon our research
and data to create an improved process model of docosahexaenoic acid production. In addition,
the project authors would like to state that the contents of this report may be freely used as a
document for consultation for future senior design groups.
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NOTE ON SIGNIFICANT FIGURES
Unlike the report itself, in which significant digits for costs and weights were capped at 4, the
appendices kept in the significant digits so that calculations were easier to follow.

UPSTREAM

Mass balance calculations for the upstream process revolved mostly around the Chang

2013 paper and the Chi 2009 paper, which dealt with oxygen transfer rates/ DHA production
rates and cell growth rates, respectively. As the Chi 2009 paper dealt with Schizochytrium
limacinum SR21 while the Chang paper involves Schizochytrium sp. 531, it was assumed that the
specific heterotrophic microalgae strain of Schizochytrium involved in our process had the
characteristics of the two other strains. The upstream process can be divided up into two sections:
the laboratory-scale and the process-scale sections. The laboratory-scale fermentation section
covers the smaller fermentation vessels, which are located inside the laboratory. The process-scale
fermentation section covers the larger fermentation vessels, including the production fermentors.
Other important equipment includes the air compressor system, which delivers in air (and
oxygen) to the aerobic fermentors, as well as the regenerative thermal oxidizer, which destroys
air pollutants from exhaust streams.
LABORATORY-SCALE SECTION (U-500 to U-300)
Of interest in the fermentation process was the growth rate of the Schizochytrium strain.
The Chi et. al. paper gave relevant growth rate data to determine a log phase growth rate constant
µ. Cells in the study were introduced at a concentration of 2*106 cells per mL, or 5.66*1010 cells per
ft3. After 24 hours of fermentation, the cell density increased to 25.2 *106 cells/mL (7.14*1011
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cells/ft3), and after 48 hours a cell density of 42.5*106 cells/mL (1.20*1012cells/ft3) was attained.
After this point, the Schizochytrium approached its carrying capacity, and increase in cell density
began to plateau. Using the tissue plasminogen activator (tPA) process example as a model, found
in Chapter 2 of the Product and Process Design textbook, the growth rate µ was calculated.
Assuming a linear cell growth phase, after 48 hours the cells grew to a density of 1.20*1012cells/ft3,
so µ was determined to be 20.25 *106 cells/mL-day, or 5.73*1011cells/ft3-day. The assumption built
into this constant is that there will be a numerical density increase per day for the Schizochytrium,
even if the starting cell density of Schizochytrium was much lower than the starting 5.66*1010 cells
per ft3. Moreover, this growth constant is true only for the specific media composition found in
the pre-seed and seed- fermentors. The media composition is described in greater detail in the
Equipment Description section of the report.
In the laboratory-scale, 1 mL of inoculum was fed into a 300 mL (0.011 ft3) Erlenmeyer
flask for fermentation. Growth media was charged and the U-SF-50X fermentor was left to grow
cells for a period of two days. The basis behind this fermentation time is the growth constant of
5.73*1011cells/ft3-day. Afterwards, the remaining broth inside the fermentor was discharged to
the U-SF-40X fermentors, and then to the U-SF-30X fermentors. In accordance with standard
microalgae fermentation, size ratios between scale-ups was kept at 20x. In other words, the U-SF40X fermentor had a capacity twenty times that of the U-SF-30X fermentor, and so forth.
Scaling up by a constant factor resulted in streamlined mass balance analysis. A key
assumption made after discussion with Dr. Bockrath was that carbon and nitrogen sources as
well as key salts would be 80% consumed at the conclusion of each fermentation step, with 20%
left over feeding into the next batch. Another assumption made was that any crude oil produced
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was minimal such that it was not included in mass balances. For energy balances, it was assumed
that exothermic heat produced was minimal at the laboratory scales.
CALCULATION OF GROWTH-RATE CONSTANT
1.20 ∗ 1012 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 5.66 ∗ 1010 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
−
5.74 ∗ 1011 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑓𝑓𝑡𝑡 3
𝑓𝑓𝑡𝑡 3
µ=
=
2 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑓𝑓𝑡𝑡 3 𝑑𝑑𝑑𝑑𝑑𝑑
PROCESS-SCALE SECTION (U-200 to U-000)
The U-SF-20X series of pre-seed fermentors and U-SF-10X seed fermentor used the same
assumptions as the laboratory-scale fermentors for calculation of mass balances. Therefore, the
U-SF-20X fermentation time and the U-SF-10X fermentation time were both 2 days in duration.
Chang 2013 was consulted for the U-PF-00X production fermentors. In the paper, a
concentration of 21.26 g/L, or 1.327 lb/ft3 DHA triglyceride was obtained. In addition,
fermentation occurred over a period of 120 hours, not 48 hours. From the fermentation time and
final density of DHA triglyceride, an appropriate size for the production fermentors was
calculated to be 280,000 L, or 9,888 ft3.
CALCULATION OF U-PF-00X PRODUCTION FERMENTOR SIZE
Assuming an annual target production goal of 400,000 kg DHA, or 881,849 lb, and a 40%
loss of DHA during downstream separations and purification, an annual target of 560,000 kg
(1,234,589 lb) DHA triglyceride was assumed. A highly conservative estimate of 300 days of
operation (the standard 330 days, minus 10% unscheduled down-time) was assumed. The Chang
2013 paper produced a concentration of 0.67 kg (1.48 lb) DHA triglyceride with a final broth
volume of 35.33 L (1.25 ft3). Therefore, ~3*107 liters (1.06*106 ft3) of broth volume per year would
be used. A 20-hour turnaround time was assumed for a total of 140 hours/cycle for the
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production fermentor. Therefore, 50 batches can be run in 300 days. According to Dr. Bockrath, it
is standard to have 2-4 production fermentors running; using three production fermentors, it was
required to have fermentors to handle 200,000 L (7,062 ft3 of broth). Assuming that the fermentors
are 70% filled with broth, a total volume of ~280,000L (9,888 ft3) was determined. Serendipitously,
dimensions for 280,000L fermentors were provided by Gregory Benz, an expert in aerobic
fermentation technology. With the production fermentor sizing in place, the sizes of smaller
fermentors could then be determined via standard sizing ratios provided by literature.
PROCESS-SCALE SECTION, CONTINUED (U-000)
The purpose of the seed fermentors was to provide nitrogen and carbon sources in excess
to promote cell division and growth. However, for the production fermentor, a different media
composition was used, one that replaced the ammonium sources of corn steep solids with yeast
extract. In addition, trace amounts of ammonium hydroxide and hydrochloric acid were used to
maintain a pH set point of 6.8; amounts of these acids and bases were sufficiently small in
comparison to the other mass flows in the production fermentor mass balance such that they were
labelled ‘trace’ in the mass balance table.
Production of the crude oil, including the docosahexaenoic acid triglyceride, occurred
after nitrogen sources were exhausted. Termed ‘nitrogen starvation,’ this phenomenon occurs at
a time period of 20 hours into the 120 hour fermentation process. Around this time, the initial
supply of carbon source of glycerol is nearly depleted. Glycerol had been fed into the system as
a part of the broth at a concentration of 100 g/L, or 6.24 lb/ft3. Given the volume of media fed,
the amount of glycerol initially charged was 23,111 lb/batch, not including 66.1 lb/batch glycerol
from the U-SF-10X seed fermentor. Therefore, to prevent carbon depletion, the U-PP-00X (X = 4
to 6) pumps were switched on to charge glycerol into the production fermentor. This stream flow
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contained an aqueous solution 70% glycerol by mass. Chang et. al. did not explicitly mention the
amount of glycerol fed to maintain concentration at 12.5 g/L (0.78 lb/ft3). Nevertheless, we were
able to back-calculate the amount that was fed in. Laboratory-scale results from the Chang paper
gave a total mass of glycerol entering the system during the fermentation process as 12.41 kg. The
figure below is taken from the Chang paper, with the line marked with triangles giving the
optimal DHA triglyceride concentration at the conclusion of fermentation. As mentioned
previously, numerous attempts were made to contact the authors of the paper, with no response.

Figure A.1: The glycerol feed amount (kg) for the optimal DHA yield is the middle plot.
Via ImageJ analysis, it was determined that the amount of glycerol fed into the system
after 20 hours was 10.5 kg, or 85.6% of the total glycerol fed. From this percentage, backcalculation of the glycerol for feed after 20 hours was calculated to be 135,280 lb. It was assumed
that 2% of the glycerol remained at the end of the fermentation process. An interesting
observation is that the broth volume during the fermentation process increased dramatically
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because of the glycerol addition. Initial charge of media from the U-ST-00X storage tanks and
broth from the U-SF-10X seed fermentors formed a broth of volume ~125,000L (4,414 ft3), but
subsequent glycerol/water addition resulted in 200,000L (7,063 ft3) of broth. A major assumption
here was that though the glycerol was mostly consumed, water was formed in its place to
maintain a broth volume of 7,063 ft3.
Another important consideration in the upstream mass balances was the continuous air
flow into the fermentors to the tune of 1 vvm. At the scale of the production fermentors, this
amounted to an air flow rate of 21,330 lb/hr, or an oxygen transfer rate (OTR) of 4,479.3 lb/hr.
The oxygen uptake rate was considerably smaller, at 229.6 lb/hr. An assumption was made that
oxygen gas was converted to carbon dioxide at a ratio of 1:1 during fermentation; therefore, the
exit gas stream for the U-PF-00X production fermentors lost ~228 lb/hr oxygen gas but gained
~314 lb/hr carbon dioxide gas.
Combustion of methane gas into water and carbon dioxide in the U-RO-001 regenerative thermal
oxidizer complicated the upstream continuous mass balance. The combustion equation is simple,
as seen below:
𝐶𝐶𝐶𝐶4 + 2𝑂𝑂2 → 𝐶𝐶𝑂𝑂2 + 2𝐻𝐻2 𝑂𝑂

Using the rate of hydrocarbon flow per inlet gas flow (2g/ 1 m3 gas, STP), the amount of
hydrocarbon gas required was conservatively estimated, taking into account air flow from all
fermentors concurrently. The mass of hydrocarbon necessary to sustain combustion was 114.6
lb/hr. Using the combustion equation, the rate of oxygen combusted was 458.4 lb/hr. Carbon
dioxide was formed at a rate of 315.2 lb/hr, and water was formed at a rate of 257.9 lb/hr. All of
the methane hydrocarbon was assumed to be combusted.
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DOWNSTREAM

D-000 SECTION
Calculations and assumptions for the D-000 section of the downstream process were quite
straightforward. To determine the flow rate for the continuous process, the total mass per year
from the upstream process was calculated. Each U-PF-00X production fermentor contains a total
of 200,000 L of broth volume, or 7,062.9 ft3. Approximating the density as that of water, a value
of approximately 440,900 lb/batch was obtained. Multiplying this value by 150 batches per year,
we obtained a total mass of broth as 6.62*107 lb/year. As the continuous downstream process is
in operation 330 days per year, 24 hours per day, the total flow rate entering the downstream
process is 8,361 lb/hr. Each pump from the three production fermentors, therefore, operates at
an average flow rate of 2,787 lb/hr. In actuality, the D-PP-001, D-PP-002, and D-PP-003 pumps
operate at elevated flow rates for a short amount of time to remove the broth from the production
fermentors so that those vessels are emptied to allow for steam-in-place and clean-in-place
operations. The cells will enter the D-ST-001 and move on to the disk-stack centrifuge. It was
assumed that this centrifuge has 95% efficiency of removing water and residual glycerol, but also
removes 1% of the biomass. The remaining biomass, glycerol, and water then move through the
D-SD-001 spray dryer, which evaporates out the remaining water via a hot air stream. The
glycerol and biomass then travel via a conveyer belt to a holding tank in the D-100 section of the
downstream process.
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D-100 SECTION

Figure A.2: Assumptions Diagram for Downstream Process. This table lays out many of the assumptions
that were used when calculating mass balances in the downstream process.

A simplified Visio diagram of the 100 section of the downstream process was drawn, with
renumbered streams for mass balance calculations, as seen in Figure A.2. This section involved
three recycle loops, and the changing chemical compositions (intact versus crushed biomass,
formation of crude oil) made calculations considerably more involved. There is one recycle loop
(Stream 5) from the bead mill as well as pure hexane recycle loops from the flash evaporator and
wide film evaporator: Stream 13 and Stream 14, respectively. The two feed streams are Stream 2,
the intact biomass feed, and Stream 1, the pure hexane feed. Exit streams: Stream 8, the water
removal stream from the disc-stack centrifuge; Stream 10, the intact/ crushed biomass stream
from the cartridge filter, Stream 11, the stream of residual solids from the flash evaporator, and

A-8

APPENDIX A: ASSUMPTIONS AND SAMPLE CALCULATIONS - DOWNSTREAM
Stream 15, the stream of 100% crude oil going further into the downstream process to be
saponified.
Major assumptions in the terms of separation efficiencies were discussed and approved
by Dr. Bockrath and Professor Vrana. There was no water present in this section of the process as
all the residual water was removed during the spray drying. In Stream 4, a 5:1 weight ratio of
hexane to biomass feed was sent into the bead mill. The bead mill had a crushing efficiency of
90%, and all crushed cells were assumed to have no crude oil left within them. In addition, a
recycle stream of 70% was assumed, feeding back into the storage tank. The basket centrifuge, DCF-101, was assumed to remove 98% of the intact/crushed biomass and the remaining glycerol
from the upstream, with 2% DHA loss in the form of crude oil. In addition, DHA triglyceride
comprises 41.8% of the crude oils, and the crude oil itself comprises 41.4% of the intact biomass.
The cartridge filter collects 99% of the intact/crushed biomass that makes it through the basket
centrifuge. The flash evaporator takes in Stream 9, which contains residual amounts of solid
biomass, crude oil, and hexane. The residual solids are removed in Stream 11, with 1% loss of
crude oil, and 95% of the hexane recycled back via Stream 13. The crude oil/ hexane mixture goes
to the wide film evaporator, whereupon the remaining hexane is evaporated and recycled using
Stream 14, and the pure crude oil in Stream 15 heads further downstream for saponification.
CALCULATIONS: D-100 SECTION
Stream 2 is the intact biomass feed, composed of 1020.3 lb/hr total flow, with 3.0 lb/hr
glycerol and 1017.3 lb/hr intact biomass. In addition, we know that the mass of S2 is equal to the
mass of biomass feed in S6, or 1,020.3 lb/hr (albeit some of the intact biomass has been crushed
to produced crude oil). Therefore, S5 must contain (7/3)*S6 = 2380.7 lb/hr ‘biomass mixture,’ so
S4 = 3,401 lb/hr, based on the difference in masses in the biomass mixture mass balance. One of
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the assumptions made was that there is a 5:1 hexane to biomass feed, so the amount of hexane in
S4 is 5*3,401 = 17,005 lb/hr. Similarly, S3 and S6 must contain 5,101.5 lb/hr hexane and S5 contains
11,903.5 lb/hr hexane. The bead mill breaks down 90% of intact cells, so S6 contains 101.7 lb/hr
intact cells, 379.0 lb/hr crude oil, 536.5 lb/hr crushed cells, 3.0 lb/hr glycerol, and 5,101.5 lb/hr
hexane.
The basket centrifuge removes 98% of biomass, 100% of glycerol, 2% of the hexane, and
2% of crude oils, so S7 must contain 2.03 lb/hr intact cells, 10.73 lb/hr crushed cells, 4,999.5 lb/hr
hexane, and 7.58 lb/hr crude oil. This stream flows to the cartridge filter, which removes 99% of
the remaining biomass solids. S9 contains 0.02 lb/hr intact cells, 0.11 lb/hr crushed cells, 4,999.5
lb/hr hexane, and 7.58 lb/hr crude oil. In the flash evaporator, 1% of crude oil is lost as the
residual biomass solids are removed in S11. 95% of the hexane, 4,749.5 lb/hr, is recycled through
S13. The remaining hexane and crude oil is sent to the wide film evaporator, which recycles the
hexane back in S14 and separates out crude oil as S15. Using a mass balance on the hexane storage
tank, in which S3 = S1+ S14+ S13, we determine that the hexane feed rate into the system must be
99.7 lb/hr, equivalent to the rate purged through the basket centrifuge.
D-200 SECTION
Mass balance calculations involving the purification steps of the Scheibel columns
involved a consideration number of assumptions, due to lack of available patent information
involving the purification process. The crude oil enters the D-200 section and is immediately
cooled down by a cooling water stream before entering the first Scheibel column: D-SC-201. The
first column involves using sodium hydroxide to saponify the DHA and EPA triglycerides of the
crude oil. Given that Schizochytrium was selected for its ability to produce high-purity DHA, we
assumed that DHA glyceride comprised 98% of the saponifiable crude oil, with EPA triglyceride
forming the remainder. Speaking with Dr. Bockrath, our industry consultant, we determined that
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the Scheibel columns were very efficient pieces of equipment, with the EPA/DHA triglycerides
completely saponified by the sodium hydroxide; the sodium hydroxide was fed in excess by 10%
to the EPA/DHA triglyceride, as suggested by Dr. Bockrath, and the sodium hydroxide feed
stream was diluted from 50% by mass sodium hydroxide to 20% by mass sodium hydroxide using
process water. In the reaction itself, sodium hydroxide converts a triglyceride molecule of either
DHA or EPA to 3 saponified molecules and glycerol.
𝐷𝐷𝐷𝐷𝐷𝐷 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 + 3𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 → 3 𝑆𝑆𝑎𝑎𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝐷𝐷𝐷𝐷𝐷𝐷 + 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔

In chemical equation terms, this equation can be written as follows:

𝐶𝐶69 𝐻𝐻98 𝑂𝑂6 + 3𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 → 3𝑁𝑁𝑁𝑁𝑁𝑁22 𝐻𝐻31 𝑂𝑂2 + 𝐶𝐶3 𝐻𝐻8 𝑂𝑂3

Eicosapentaenoic acid triglyceride can also be converted by sodium hydroxide to its saponified
form:
𝐸𝐸𝐸𝐸𝐸𝐸 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 + 3𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 → 3 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐸𝐸𝐸𝐸𝐸𝐸 + 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔

In chemical equation terms, this equation can be written as follows:

𝐶𝐶63 𝐻𝐻92 𝑂𝑂6 + 3𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 → 3𝑁𝑁𝑁𝑁𝑁𝑁20 𝐻𝐻29 𝑂𝑂2 + 𝐶𝐶3 𝐻𝐻8 𝑂𝑂3

We assumed that both saponified EPA and saponified DHA were very soluble in water,
so 98% of the saponified EPA/DHA mixture left with the aqueous phase while 2% was lost as
organic waste stream. The sodium ions in the solution after extraction help to stabilize the
negatively charged saponified fatty acids via electrostatic interactions. It was assumed that all the
glycerol left in the aqueous phase as well, while the waste stream included all the remaining
unsaponified crude oil.
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The excess sodium hydroxide, saponified oil, and water moved to the second Scheibel
column, which used 50% acetic acid at 110% equivalence to convert all the saponified EPA/DHA
oil into the omega-3 fatty acid equivalents.
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐷𝐷𝐷𝐷𝐷𝐷 + 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 → 𝐷𝐷𝐷𝐷𝐷𝐷 + 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴

In chemical equation terms, this equation can be written as follows:

𝑁𝑁𝑁𝑁𝑁𝑁22 𝐻𝐻31 𝑂𝑂2 + 𝐶𝐶𝐻𝐻3 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 → 𝐶𝐶22 𝐻𝐻32 𝑂𝑂2 + 𝐶𝐶𝐻𝐻3 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

Acetic acid can also convert saponified EPA into its fatty acid equivalent:

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐸𝐸𝑃𝑃𝑃𝑃 + 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 → 𝐸𝐸𝐸𝐸𝐸𝐸 + 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴

In chemical equation terms, this equation can be written as follows:

𝑁𝑁𝑁𝑁𝑁𝑁20 𝐻𝐻29 𝑂𝑂2 + 𝐶𝐶𝐻𝐻3 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 → 𝐶𝐶20 𝐻𝐻30 𝑂𝑂2 + 𝐶𝐶𝐻𝐻3 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

The acetic acid was also used to neutralize the basic sodium hydroxide that remained from the
first extraction step to form sodium acetate and water:
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 + 𝐶𝐶𝐻𝐻3 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 → 𝐶𝐶𝐻𝐻3 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 + 𝐻𝐻2 𝑂𝑂

The final omega-3 fatty acids are insoluble in water; it was assumed that 98% of the fatty
acid mixture would leave the Scheibel column in the organic phase, whereas 2% of the fatty acid
mixture would be lost in the waste aqueous stream. It was assumed that 0.1% of the
water/glycerol mixture would end up in the organic phase due to mass action considerations.
CALCULATIONS: D-200 SECTION
Of major importance in determining the mass balances of the D-200 section was to
properly account for the reactions that occurred in each Scheibel column. In addition, reactions
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had to be separated by DHA versus EPA. As mentioned above, both DHA triglyceride and EPA
triglyceride were saponified with a strong base -sodium hydroxide.
Using ChemDraw Professional, the chemical formulas and structures of the DHA
triglyceride and the EPA triglyceride were determined:
ChemDraw Image of DHA Triglyceride
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Chemical Formula: C69H98O6
Exact Mass: 1022.74
Elemental Analysis: C, 80.97; H, 9.65; O, 9.38

ChemDraw Image of EPA Triglyceride
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Exact Mass: 944.69
Elemental Analysis: C, 80.04; H, 9.81; O, 10.15
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APPENDIX A: ASSUMPTIONS AND SAMPLE CALCULATIONS - DOWNSTREAM
From the mass balance spreadsheet of the downstream process, we see that the flow rate
of crude oil is 367.7 lb/hr (D-S-203). As mentioned previously, the crude oil is composed of 42.6%
saponifiable DHA/EPA triglycerides and 57.4% unsaponifiable oil. Therefore, of the inlet crude
oil flow, 156.7 lb/hr is saponifiable oil and 211.0 lb/hr is unsaponifiable oil. We made the
assumption that all the DHA/EPA triglycerides are saponified. This reaction involves the
breakage of the three ester linkages to form the three saponified molecules and glycerol; the 156.7
lb/hr flow rate turns into 150.6 lb/hr saponified molecules and 6.2 lb/hr glycerol. Assuming 98%
recovery, we get 147.6 lb/hr saponified material recovered. In addition, sodium hydroxide is
used in 10% excess. Using the stoichiometric relationship of 3 sodium hydroxide molecules to one
DHA/EPA triglyceride, the mass flow of sodium hydroxide was determined:
0.98∗ 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁

0.02∗𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 = 3.3 ∗ 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 (𝑀𝑀𝑀𝑀𝑙𝑙𝑎𝑎𝑎𝑎 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐷𝐷𝐷𝐷𝐷𝐷 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 + 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐸𝐸𝐸𝐸𝐸𝐸 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒)
0.98∗ 40.0
1022.74

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 = 3.3 ∗ 150.6(

+

0.02∗40.0
)
944.69

= 19.1 lb/hr

From the mass flow of sodium hydroxide, the mass flow of excess sodium hydroxide, free

sodium ion, and glycerol could easily be determined.
The second Scheibel column involved similar calculations, but instead of a saponification
reaction, acetic acid was used to protonate the saponified material to the respective Omega-3 fatty
acids. In addition, acetic acid was used to neutralize the basic sodium hydroxide that was in
excess from the first extraction step. This reaction resulted in a formation of water as well as
formation of sodium acetate. The authors of this paper leave it to the reader as an exercise to backcalculate the mass balances involving the second Scheibel column.
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D-300 SECTION
The fatty acid stream of DHA, EPA, and residual water/glycerol passes through the
lamella filter, which removes the remaining water and glycerol. Antioxidant is then added in at
10 parts per million, and the final high-purity DHA (98% DHA, 2%EPA) is sent to the pack-out
station, from which it will be loaded into drums and sent out for distribution. Mass balances
indicate that the final flow rate of purified (98%) DHA is 145.0 lb/hr. Over the course of 330 days,
this amounts to 1,148,000 lb/year produced of highly pure docosahexaenoic acid, which more
than covers our project target of 400 metric tons/ year of DHA, or 881,849 lb DHA/year.
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UTILITIES

ELECTRICITY
Electricity costs were from Product and Process Design Principles, 4th edition, via Table
17.1 in the textbook. The price presented within the table, $0.070/kW-hr, was then converted from
a cost index of 567 to 545.
The majority of electricity was directed to the numerous pumps in the processes, as well
as the stirred-tank fermentors and storage tanks, the bead mill (D-BM-101), the centrifuges (DCF-001, D-CF-101), the air compressor system (U-CP-50X), and the vacuum pump (D-CP-101).
Electricity was costed based on the brake horsepower and operating time per year of the
equipment in question; usually this involved calculating the brake horsepower of the motors and
agitators that powered the equipment. Efficiency was assumed to be 95%; that is, if a motor had
a brake horsepower of 0.95 hp, 1.0 hp worth of electricity was sent to that motor. Calculations for
motors and pumps can be found in the Assumptions and Calculations: Equipment section of the
report.
SAMPLE CALCULATION FOR ELECTRICITY COST: U-PF-001
This vessel is the largest of the fermentors, operating at 120 hours per batch, 50 batches
per year. The vessel is powered by a system of 3 agitators, each of 26.4 hp. Assuming 95%
efficiency, the total horsepower allotted to the U-PF-001 is 83.4 hp, equivalent to 62.2 Kw. As the
vessel operates at 120*50 = 6,000 hours per year, we can calculate the total Kw-hour requirement
to be 62.2*6,000 = 373,200 Kw-hr. At $0.0672 per Kw-hr, the cost of electricity comes out to be
$25,079.00.
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CHILLED WATER
Chilled water is required for processes that need to be cooled below 90ºF. These processes
included the largest of the laboratory pre-seed fermentors -the U-SF-30X series -and the U-SF20X pre-seed fermentors, the U-SF-10X seed fermentors, and the U-SF-00X production fermentors.
The chilled water entered the process at 41 ºF and leaves at 59 ºF, thereby providing 18 ºF of
cooling. After leaving the fermentors, the chilled water enters the water chiller, which uses a
refrigerant cycle to cool the chilled water back down to 41 ºF for reuse. The astute reader will
notice that this implies that the chilled water within the process is in an enclosed loop. It was also
assumed that the water chilled contained the necessary associated equipment (i.e. pumps) to
move the chilled water through the external cooling jackets of the fermentors. The heat capacity
of the chilled water was assumed to be independent of temperature and to be 1.0 Btu/lb- ºF.
Furthermore, a conservative assumption of 70% heat transfer efficiency was used. Refrigeration
costs of chilled water were taken from Table 17.1 of Product and Process Design Principles, 4th
edition, via Table 17.1 in the textbook. The cost given was $5.00/GJ; converting to a CE of 545, we
get a rate of $4.8059/GJ for refrigeration associated with chilled water.
SAMPLE CALCULATION FOR CHILLED WATER COST FOR U-PF-001:
Please note that the value for heat load is determined from Cooney Factor, explained
within the Assumptions Calculations: Upstream section, specifically for the fermentors.
The heat load calculated for the production fermentor was 2.84*106 Btu/hr. Assuming 70%
efficiency of heat transfer, we required a cooling rate of 4.06*106 Btu/hr. Given that the heat
capacity of chilled water is 1 Btu/lb- ºF, and the water heats up by 18 ºF, the flow rate of chilled
water through the water jacket is 2.26*105 lb/hr. The production fermentor operates for
120*50=6,000 hours per year, so the total mass of chilled water required is 6.77*105 tons per year.
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In energy terms, the total energy required per year is 4.06*106 Btu/hr * 6000 hr = 2.44*1010 Btu,
which is equivalent to 24,576 GJ. At a cost of $4.8059/GJ, the cost to refrigerate the chilled water
is $118,590.
COOLING WATER
Cooling water is used throughout the process, coming in at 90 ºF and leaving at 120 ºF.
After consultation with Dr. Bockrath, it was determined that it was most economically feasible
for the plant to obtain cooling water from an outside utility, which would provide the pumping
power to deliver cooling water into the plant. Cooling water is present in the upstream process
to cool down the air compressor system as well as to cool down the sterilized materials that pass
through the high-temperature-short-time skids (U-HX-20X, U-HX-10X, U-HX-00X). In the
downstream, cooling water is used to cool the biomass leaving the D-SD-001 spray dryer. In
addition, cooling water keeps the contents of the D-BM-101 bead mill at a set point of 99 ºF. After
consultation with Dr. Bockrath, it was assumed that all of the power used to drive the crushing
process will be converted to heat. Cooling water is found in the D-FE-101 flash evaporator as well
as the D-WF-101 wiped film evaporator; it functions here to provide the cooling power necessary
to condense the hexane and cool it back down to 99 ºF as it recycles back to the bead mill. In the
200 section of the downstream, cooling water is used to cool the crude oil leaving the wiped film
evaporator. The material enters the D-SC-101 Scheibel column; the extraction process is modestly
exothermic and requires a cooling water stream. The specific heat of reaction was not found in
online sources, but was approximated using NIST data of the reaction between ethyl acetate
sodium hydroxide to form the salt and alcohol; a heat of reaction of -34.1 Btu/mol was calculated.
Finally, cooling water flows through the second Scheibel column (D-SC-102) to negate the
exothermic reaction of acetic acid combining with sodium hydroxide. Via NIST, heat of
neutralization was for the reaction was found to be -53.17 Btu/mol.
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It was decided that cooling water would cool the streams down to 99 ºF, thereby providing
a 9 ºF difference in crossover temperature. Furthermore, similar to the chilled water calculations,
a conservative estimate of 70% heat transfer efficiency was used for cooling water calculations.
The cost of cooling water utility was generously provided by the Product and Process Design
Principles textbook, 4th edition, in Table 17.1. The factor given was $0.10/1,000 gal. Converting to
an updated cost index of 545, we get a value of $0.09612/1,000 gal.
SAMPLE CALCULATION FOR COOLING WATER COST: D-CD-102
In this calculation, a recycle stream of gaseous hexane at 356 ºF is cooled down to a
temperature of 99 ºF. Therefore, the latent heat of condensation must be accounted for, as well as
the heat change to lower the hexane to its exit temperature. Using the NIST database, a heat of
vaporization/condensation value of 91.89 Btu/lb was determined for hexane at 356 ºF. Given a
flow rate of 4,749.5 lb/hr hexane through the D-CD-102 condenser, the heat removal rate for
condensation alone is 4.36*105 Btu/hr. The heat capacity of hexane was found to be 0.54 Btu/lbºF. An assumption was made that this heat capacity was independent of temperature. Given flow
rate and the temperature difference, the heat removal rate for lowering the temperature of the
hexane stream was calculated to be 6.59*105 Btu/hr. Summing the values and applying the 70%
heat transfer assumption gives a cooling water flow rate of 52,170 lb/hr. As the downstream
process operates 330 days a year, 24/7 (even Sundays), the total cooling water mass requirement
per year was calculated to be 4.13*108 lb/year, or 2.07*105 English tons. Using the cost of cooling
water provided above, a value of $4,759.73 was obtained for cooling water utilities cost.
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PROCESS WATER
Process water is found throughout the entire process, as it provides the water for the
upstream fermentors and acts as the solvent for the aqueous phase during downstream extraction.
Costs for process water were obtained from Table 17.1 of Product and Process Design Principles
textbook, 4th edition, at $0.80/1,000 gal, a rate 10 times that of cooling water. The calculations for
process water were straightforward, as the amount of process water needed usually formed the
starting point for further calculations.
SAMPLE CALCULATION FOR PROCESS WATER COST:
The U-PF-00X requires a significant amount of process water as media charge and glycerol
charge. Per batch, a U-PF-00X production fermentor charges 227,733 lb/batch process water, not
including the small amount present from transfer from the U-SF-10X seed fermentor. Therefore,
using the density of process water as 8.35 lb/gal, the cost of process water is $20.97. As process
water directly interacts with the other feed materials, unlike the other utility streams, process
water flow amounts/rates were listed in the specification sheets in the materials handled section.
HYDROCARBON/ METHANE
Methane feed is necessary in the process to provide a fuel source for combustion, releasing
heat to power the U-RO-001 regenerative thermal oxidizer. Based on recommendations from Dr.
Bockrath, it was determined that a rate of 2 g of methane was necessary per cubic meter of gas
(STP). The regenerative thermal oxidizer is very heat-efficient, conserving upwards of 98% of heat;
therefore, only a small amount of hydrocarbon was required to maintain the regenerative thermal
oxidizer set point. Prices for the methane were taken from Table 27.2 of the Product and Process
Design Principles textbook, at an assumed price of $0.20/kg, or $0.091/lb (CE = 567).
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SAMPLE CALCULATION FOR METHANE COST:
The waste gas stream leaving the production fermentor has a total flow of 21,415 lb/hr.
This amounts to 7,495 m3 of air, requiring 14,990 g of methane for combustion. 14,990 g is
equivalent to 33.03 lb/hr of methane. Assuming continuous operation of the regenerative thermal
oxidizer for 330 day per year, the total amount of methane required is 2.62*105 lb/year. At a cost
index of CE = 545, this amounts to $22,917. The total amount of methane required will be little
more than 3 times than of a single production fermentor, at 114.6 lb/hr. This results in a total
hydrocarbon utility cost of $79,512/year.
STEAM (LOW, MEDIUM, HIGH-PRESSURE)
Utility steam is found in both the upstream and downstream. When calculating steam, an
overall temperature-driving force of 45ºF was used, as per Chapter 12 of Product and Process
Design Principles textbook, 4th edition, to avoid film boiling. Using this value, the pressure of
inlet saturated steam was determined using a Saturated Steam Table provided by the TLV
website. Heat transfer from the steam to the cooler stream was assumed to be 70% efficient, a
conservative approximation. Steam enters the system as saturated vapor and condenses; the
latent heat of steam condensation was provided by TLV. Though in actual operation steam enters
as superheated steam and leaves as subcooled condensate, for computing steam utility
requirements, only latent heat of vaporization is assumed for heat transfer.
Three types of steam were used in the DHA process: low-pressure steam, mediumpressure steam, and high-pressure steam. Chapter 17.2 of the Product and Process Design
Principles textbook gave typical pressure levels low-pressure steam, medium-pressure steam,
and high-pressure steam as 50, 100, and 450 psig; for our purposes. In the upstream process, lowpressure steam at 36 psia and was 261 ºF required for sterilization of charge media and glycerol
at 216 ºF in the high-temperature short time skids U-HX-20X, U-HX-10X, and U-HX-00X; the
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standard enthalpy of vaporization determined was 938.2 Btu/lb. In the downstream, mediumpressure steam at 347 ºF, 130 psia, and a latent heat of condensation of 873.3 Btu/lb was fed in to
heat up the hot air of the U-SD-001 spray dryer to 302 ºF. Finally, high-pressure steam at 401 ºF
and 250 psia was used to vaporize hexane liquid in the U-FE-101 flash evaporator and U-WF-101
wiped film evaporator system; the hexane was heated to 356 ºF, as per Dr. Bockrath’s suggestions.
The latent heat of condensation for the high-pressure steam used was 825.6 Btu/lb. It is mostly
coincidental that the pressure of utility stream required increases the further downstream one
gets in the process. Using Chapter 17.1 of the Product and Process Design Principles textbook,
three values for steam utility were used, at CE = 567. High-pressure steam cost was $8.00/1,000
lb, medium-pressure steam was $7.00/1,000 lb, and low-pressure steam was $6.00/1,000 lb. These
values were converted to CE = 545.
SAMPLE CALCULATION FOR STEAM COST: The D-SD-001 spray dryer takes in hot air to heat up
the slurry form the D-CF-001 disc-stack centrifuge, thereby vaporizing all the remaining water in
the system. From mass balance considerations, it was determined that the flow rate of water into
the spray dryer was 363.7 lb/hr. This problem was very interesting as steam utility was required
to heat up hot air, which itself provided the heat for evaporation of the water. Hot air flow
necessary to heat up the stream and then vaporize the water, assuming 70% efficiency, was 21,047
lb/hr. The purpose of the medium-pressure steam was to heat up the air from ambient
temperature (73 ºF) to operating temperature (302 ºF); increasing the temperature of the hot air
stream gave a heat load of 5,051 Btu/hr. Using the latent heat of condensation for the mediumpressure steam, mentioned above, assuming 70% heat transfer efficiency, a steam mass flow rate
of 8.26 lb/hr was calculated. Operating continuously for 330 days per year gave a total steam
flow of 65,444 lb/year and a cost of $440.33 at CE = 545.

A-22

APPENDIX A: ASSUMPTIONS AND SAMPLE CALCULATIONS - UTILITIES

WASTE DISPOSAL
Waste disposal considerations factor into the downstream of the process only. Though the
upstream produces waste gas, the U-RO-001 regenerative thermal oxidizer cleans any pollutants
that arose during fermentation, making the flue gas environmentally friendly.
Downstream waste disposal occurs at several points in the process. First, the D-CF-001
disc-stack centrifuge removes most of the water from the broth media; this water, stream D-S-010,
contains organic material in the form of lost biomass. Next, slurries collected via the D-CF-101
basket centrifuge contain flammable hexane material in addition crushed and intact biomass. Per
Dr. Bockrath’s advice, a hopper was used to collect the material periodically, and the hecxanebiomass mixture was sent to the D-PO-101 pack out station for disposal. In addition, a minute
amount of crude oil and biomass collected from the D-FE-101 flash evaporator to be disposed.
Waste streams from the two D-SC-20X Scheibel columns mark the final outlets for waste in the
process. All waste streams will be directed towards the nearby Archer Daniels Midland (ADM)
plant for disposal.
There were two different costing ranges for waste disposal. Table 17.1 of the Product and
Process Design Principles textbook gave a figure of $0.15/lb organic removed for wastewater
treatment (which treats normal wastewater and organics). However, special precaution was
taken with the flammable hexane waste, which was carefully handled via the D-PO-101 pack out
station. Typical biomass boilers, as found at ADM, handle crop residues and dried broth biomass.
As the boilers are insufficient to handle the flammable hexane, they require additional investment
to install the necessary handling equipment. Per Dr. Bockrath’s advice, Pollution Prevention:
Methodology, Technologies, and Practices, by Mulholland and Dyer, was consulted. In Table 4-2
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of that book, incineration of sludges (with organics) was available at a cost of $1.15/total lb. A
cost of $0.10/lb was then factored in as transportation costs, and the total price was multiplied
by 140% to account for increases in cost of waste treatment over the past 18 years, from
publication of the text to present-day rates. This rate refers to the cost of shipping the flammable
material to a hazardous waste company; based on our partnership with ADM, it was assumed
that ADM would handle our process’ flammable material at 1/3 the cost, or $0.582/lb. The cost
is an on-going OPEX item whose price will need to be negotiated with ADM.
SAMPLE CALCULATION FOR WASTE DISPOSAL COST:
Waste disposal of the flammable hexane-biomass mixture represents the large majority of
waste disposal costs, and is therefore the logical candidate for a sample calculation. The flow rate
of the stream of interest is 738.1 lb/hr. Operation of the plant continuously for 330 days per year
gives rise to a total cost of $3,410,022 per year. The total cost of all waste disposal is $3,800,268 per
year.
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EQUIPMENT

Equipment costs were determined via three different pathways. Equipment costing found

in the Product and Process Design Principles, 4th edition was the primary option used 1 . If
equations for equipment information were not found, the next resource consulted was Dr.
Bockrath, who provided quotes of equipment recently costed. These quotes were then scaled
using an equipment factor exponential of 0.7. Finally, if neither of the two previous methods were
available, costs were determined using vendors online.
AIR COMPRESSOR
The U-CP-50X air compressor system provides pressurized air to all of the fermentation
vessels within the upstream process. It is composed 3 air compressor systems running in parallel
to provide the requisite air flow. The maximum pressure was determined to be from the U-SF10X seed fermentors, in which a pressure requirement of 59.5 psia was determined. As mentioned
previously, for sterility purposes, the use of pumps for broth transfer between fermentation
vessels is eschewed in favor of simple pressure differential transfer. Consultation with Dr.
Bockrath led to an assumption that a pressure differential of 2 psia was adequate to transfer the
broth of a fermentation vessel into the next, larger vessel. All the pre-seed fermentors and seed
fermentors operated on this principle; therefore, compressed air needed to be delivered at a
pressure of 3 atma, or 44.1 psia, during the fermentation process. It was further assumed that
pressure losses in valves and friction would amount to a pressure drop of 0.5 bara, or 7.35 psia.
Finally, the pressure differential of 2 psia had to account for the pressure differential across the
height of broth (assumed to be the density of water). Using these assumptions, the pressure of

1 Much of the equipment found in the textbook was costed using Equipment Costing spreadsheet, a
companion document to the Product and Process Design textbook. Credit for the initial worksheet
preparation goes to Professor Russell Dunn of Vanderbilt University. Professor Bruce Vrana of the
University of Pennsylvania made additional corrections to the spreadsheet, and that version of the
document was used for costing purposes.
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the air fed to the seed fermentor is 44.1 + 7.35 + 8.08 = ~59.5 psia, amounting to 4.05x compression
factor. The diligent reader will ask why the production fermentors do not have the largest
pressure differential; the answer to this rhetorical question is that pumps are used to drive flow
of broth from the completed U-PF-00X production fermentors to the downstream D-ST-001
storage tank; therefore, the broth level pressure of the U-PF-00X is kept at a modest positive
pressure of 22.0 psia. Chapter 16 of the Product and Process Design Principles textbook gives a
maximum compression ratio of 3.75, after considering a compressor efficiency of 85%. Therefore,
our design calls for a two-stage compressor system with interstage cooling between. Though
compressors are standard pieces of equipment found in the Equipment Costing spreadsheet, the
calculation of brake horsepower necessitated ASPEN intervention. Finally, the air compressor
system contained HEPA filters that removed any possible contaminants from reaching the
fermentors. The HEPA filters were costed at $500,000 are changed annually, per air compressor,
and this cost was listed as one of the utilities of the process.
ASPEN SUMMARY AND COST OF U-CP-50X COMPRESSOR: BRAKE HORSEPOWER
When running the ASPEN simulation, the maximum air flow rate was conservatively
estimated to be 150% the flow rate of the production fermentors, or approximately 30,780 lb/hr.
As the maximum compression ratio was 4.05x, it was decided that the first compressor would
reach approximately half this ratio (27.6 psia), with the second compressor reaching 59.5 psia.
Preliminary estimates of outlet temperatures were determined using Equation 16.34 of the
Product and Process Design Principles textbook, 4th edition. Values used for the variables were k
= 1.4 and ηB = 0.65. Thus, the outlet temperature of the air stream after the first compression is
204 ºF, and after the second compression is 267 ºF. Countercurrent heat exchangers were then
used to cool down the hot streams to 104 ºF using cooling water that entered at 90 ºF and left at
~120 ºF. The results of the ASPEN simulation, forthwith: the maximum brake horsepower of the
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first compressor was determined to be 405.9 hp while the second compressor was determined to
be 473.4 hp. The total brake horsepower of an air compressor system is 879.3 hp. Therefore using
the Equipment Costing worksheet, with material factor FM = 1 (cast iron/carbon steel) and
equipment design factor FD= 1 (electric compressor), the cost of purchase is $651,203. The bare
module factor for a compressor is 2.15, so the bare module cost is $1,400,085. The three air
compressors form an integrated air compression system, powerful and efficient, as the three
authors of this project paper form a trio of similar characteristics. Detailed ASPEN information,
including the main flowsheet and block and stream information, follow in the next appendix.
Compressor
Costing a compressor D-CP-101 was determined from the Equipment Costing
Spreadsheet. In the costing spreadsheet, the input variables are compressor type, power (hp),
design factor FD and pump material factor FM. The compressor was assumed to be a centrifugal
compressor with steam design made of cast iron, giving FD = 1.15 and FM = 1. The power was
calculated from the difference between input and output pressures. The brake horsepower for the
compressor was estimated by comparing online vendor items by the intake flow rate. For example,
the compressor D-CM- is sized to intake 0.49 m3 / min of fluid and the compressors with the
similar flow rate sold online had an average brake horsepower of 7.51 hp. Putting all the numbers
in the Equipment Costing Spreadsheet, it gave a purchase cost of a compressor $37,300.
Multiplying this to a bare module factor (2.15) from the book, the total bare module cost of $80,200
was calculated.
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AGITATORS
Agitators

were

found
process,

throughout

the

entire

including

in

the

upstream

fermentors as well as the agitated
storage tanks. All the agitators are
auxiliary equipment; that is, they
are found as part of a larger piece of
equipment

and

are

listed

as

associated costs. The horsepower
requirement for the agitators was determined using Chapter 16.6 of the Product and Process
Design Principles textbook, 4th edition. In addition, the diameters of the agitators within the
fermentors was estimated via a correlation calculated using data provided by Gregory Benz, as
seen in Figure A.3, below.
The X-axis is working volume of the fermentor in thousands of cubic feet while the Y-axis
is the impeller diameter in feet. Also of importance to note was that the agitators within the
fermentors was of the typical SAS configuration, in which there is a 6-arrow-blade-disc turbine
sandwiched between two 6-straight blade disc turbines. Per Zhao et. al. 2016, this method of
impeller configuration gives the optimal oxygen transfer efficiencies for the process. The cost of
the agitators, given brake horsepower, was determined using equations found in Table 16.32 of
the Product and Process Design Principles textbook, 4th edition. Specifically, the equation for
closed vessel turbines for brake horsepower of range 2-60 hp was used: Cp = 4,105 S0.57. This cost
was then adjusted for a cost index of 545. For the agitators, which had brake horsepowers of lower
than 2 hp, the equation was still assumed to be reasonably accurate. In any case, the costs of those
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smaller agitators are negligible compared to those of the largest agitators. The cost of the agitator
system was then lumped into the bare module cost of the storage tank or fermentor as an
associated cost.
SAMPLE CALCULATION FOR U-PF-001:
This production fermentor had a SAS configuration of 3 agitators that each had a brake
horsepower of 26.4 hp. The production fermentor had a maximum working volume of 200,000 L,
52,834 gallons. Chapter 16.6 of the Product and Process Design textbook gives a ratio of 0.5 hp/
1,000 gallons for blending miscible liquids. Therefore, each agitator was conservatively estimated
to have a maximum horsepower of 0.5*(52,834/1,000) = 26.4 hp. Using the costing equation, Cp
= 4,105 S0.57, the cost of each agitator (CE = 545) was determined to be $25,494. Therefore, the SAS
agitator system of each U-PF-00X production fermentor has a cost of approximately $76,500.
BEAD MILL
The cost of Bead Mill was derived from products in Alibaba, as recommended by Dr.
Bockrath. Items from two vendors were quoted: one vendor had 60 L volume model of horizontal
bead mill priced as $100,000, and another vendor had various sizes of bead mill including 260 L
bead mill (which can handle up to the desired volume of 8,000 L) but without the price. The cost
of the desired 260 L bead mill was assumed and calculated by using 0.7 rule:
260 0.7
�
60

Cost of 100 L bead mill = $100,000 ∗ �

+ $15,000 = $ 294,100

In addition, $15,000 was estimated as a delivery charges from China. Finally, the bare module
factor was derived from the book to be 2.30.
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CENTRIFUGES
The costs of centrifuges were derived from products in Alibaba, as recommended by the
Dr. Bockrath. The factor that decided the size of centrifuge was its capacity flow rate. The
centrifuge D-CF-001 takes an input stream of 8361 lb/hr. The volumetric flow rate of the stream
D-S-008 was calculated assuming that it is composed of pure water, and resulted in 1001 gal/hr.
In Alibaba, a regular horizontal centrifuge with capacity flow rate of 793~2642 gal/hr was found
and the purchase cost was estimated accordingly to be $20,000. It is also assumed that this
centrifuge has a separation efficiency of 95%, as advised by the Dr. Bockrath.
The centrifuge D-CF-101 was priced using mass flow rate. The input stream D-S-110 has
a flow rate of 6121.8 lb/hr. In Alibaba, a regular horizontal centrifuge with capacity flow rate of
220~6614lb/hr was found and the purchase cost was estimated accordingly to be $10,000. It is
also assumed that this centrifuge has a separation efficiency of 95%, as advised by the Dr.
Bockrath.

CIP/SIP SYSTEM
The amount of water and concentrated detergent needed in running Clean-In-Place is
assumed from the industrial rule provided by Dr. Bockrath. To clean 3,000 L (105.9 ft3) vessel, 2
L (0.071 ft3) of concentrated detergent and 600 L (21.2 ft3) of water is used to run the pre-rinse
wash, detergent wash, and post-rinse wash, considering the system runs a full recovery. This
agrees with the industry convention that CIP solution fills about 20% of the volume of the vessels
cleaned, and that the concentration of the detergent needs to be 2~3%. One production line with
4 fermentors and 1 production fermentor has 327,625 L (11,570 ft3) volume to be cleaned. This
results in total of 21.84 L (0.77 ft3) of concentrated detergent and 6552.6 L (231.4 ft3) of water used.
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It is assumed that the smallest seed fermentor (U-SF-50X) is too small to be cleaned with
CIP, and hence was removed in the machinery operation, and is assumed to be cleaned manually.
The amount of time needed for each steps of washing, draining, preheating, steaming, and
cooling for the production fermentor (U-PF-00X) and the next smallest seed fermentor (U-SF-40X)
is suggested by Dr. Bockrath. Using the time it takes to run CIP and SIP for U-PF-00X and U-SF40X, the rest is estimated.
Table A.1. Estimated time for fermentors of different sizes to take each step of CIP and SIP.

U-SF-40X

Spray Ball
Installation
60

U-SF-30X

60

5

5

5

5

5

U-SF-20X

60

7

5

7

7

7

U-SF-10X

60

46

12

46

46

46

U-PF-00X

60

240

40

240

240

240

[mins]

Rinse steps

Drain

Preheat

SIP

Cooldown

5

5

5

5

5

Rather than of pricing individual equipment within, the CIP was priced as an integrated
system which includes all tanks, pipes, pumps and, etc. With various types of Clean-In-Place
units, no exact price could be found for full-recovery 3x Tank & 1x Cannel CIP System. It was
suggested by Dr. Bockrath to cost the bare module cost of CIP system as $500,000.
For Steam-In-Place, it is assumed that no special equipment is needed, but extra piping to
each fermentor for steam input and output is enough, as recommended by the Dr. Bockrath. The
bare module cost is assumed to be $300,000, as suggested by the Dr. Bockrath.
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SAMPLE CALCULATION FOR CIP TIME
Given the time for U-SF-40X and U-PF-00X to go through 6 different steps of CIP and
SIP, the time needed for others were calculated with the following equations.

𝑡𝑡𝑛𝑛 = 𝑡𝑡𝑛𝑛−1 + (𝑡𝑡5 − 𝑡𝑡1 ) ∗
With n = 1 = U-SF-40X

𝑉𝑉𝑛𝑛
𝑉𝑉5

n = 2 = U-SF-30X
n = 3 = U-SF-20X
n = 4 = U-SF-10X
n = 5 = U-PF-00X

t1 = time it takes for U-SF-40X to finish a step
t5 = time it takes for U-PF-00X to finish a step
Vn = volume of a fermentor n
V5 = volume of U-PF-00X = 280,000 L
For example, the calculation of the time it took to preheat a 45,000 L U-SF-10X fermentor is the
following:
𝑡𝑡4 = 7𝑚𝑚𝑚𝑚𝑚𝑚 + (240 − 5) ∗
All times were rounded up without decimals.
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CONDENSER
It was advised by Dr. Bockrath that the condenser shall be considered as an inverse heat
exchanger, and that the Shell and Tube heat exchanger pricing method from the Equipment
Costing Spreadsheet to be used. In the costing spreadsheet, the input variables are heat exchanger
design type, surface area (ft2), material factor FM, and FL. The condenser was chosen to be a fixed
head type made out of carbon steel for both shell side and tube side with 20ft tube length. Using
tables in the Product and Process Design Principles, FM and FL were determined to be 1.
Its surface area was determined from the following heat equations:
Q = m𝐶𝐶𝑝𝑝 ∆𝑇𝑇

Q = m∆𝐻𝐻𝑣𝑣𝑣𝑣𝑣𝑣
Q = UA∆𝑇𝑇𝐿𝐿𝐿𝐿

It is assumed that there would be two sources of heat requirement in a condenser: 1) from
cooling down the material to the condensation point, and 2) from evaporating the fluid. The two
values of heat energy were calculated and added. As efficiency of the condenser was assumed to
be 70%, the added value was divided by 0.7 to get a conservative total heat load. Then the number
was used to calculate the surface area using the overall heat coefficient and log mean temperature
difference. The cooling water was estimated to have an inlet temperature of 90°F and an outlet
temperature of 120°F. As the two condensers in the process is used to recycle hexane, the specific
heat capacity Cp and the latent heat of vaporization ∆Hvap were determined from NIST database
and the overall heat transfer coefficient U of hexane was determined from the book Rules of Thumb
for Chemical Engineers (∆Hvap = 31.1 KJ/mol, Cp = 0.2 KJ/mol/°K, U = 75 BTU/ft2/°F). Because the
overall heat transfer coefficient of hexane couldn’t be found directly, it was estimated to be in
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between the overall heat transfer coefficients of light oil and heavy oil, as recommended by Dr.
Bockrath. The purchase costs for two condensers D-CM-101 and D-CM-102 $19,242 and $12,665.
A bare module factor of 3.17 was used for the condensers, as written in the Equipment Costing
Spreadsheet for Shell and Tube heat exchanger. Note FLASH EVAPORATOR for a sample
calculation.
FERMENTORS
There were several different types of fermentors found in the upstream process. The
smallest of the fermentors was the U-SF-50X pre-seed fermentors, which are nothing more than
300 mL Erlenmeyer flasks. Constructed of durable Pyrex glass, these flasks were purchased at a
cost of $300.00 each, along with orbital shakers for $275.00 each. The next type of fermentor is the
pre-seed U-SF-40X seed fermentors, which were purchased as New Brunswick BioFlo 110
Fermentors with a capacity of 7.5L. The cost of these fermentors was $5,000, and a bare module
factor of 1.5 was assumed.
The other fermentors were costed using standard formulas found within the Equipment
Costing spreadsheet. The costing spreadsheet required inputs of pressure vessel type, inner
diameter (ft), length (ft), gauge pressure within the fermentors (psig), maximal allowable stress
(psi), weld efficiency, wind/quake, and corrosion allowance (in), and density of material (lb/ft3).
To calculate the dimensions (diameter and length) of the fermentors, a correlation was
determined from an article written by Gregory Benz. All pressure vessels costed using the
spreadsheet were vertical, with gauge pressures ranging from 23.6 psig to 37.5 psig. The maximal
allowed stress was given as 15,000 psi and all were built with wind/quake factors in mind. Weld
efficiency was assumed to be 0.85 and corrosion allowance was inputted as 1/8 in. The density
of the material, stainless steel 316, was 491 lb/ft3 with a material factor FM of 2.1. The most
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expensive fermentors were the U-PF-00X production fermentors, each with a purchase cost of
$371,826.
As mentioned in the preliminary process synthesis, elevated concentrations of Cl- ions
may lead to corrosive stress on the inner lining of the SS 316 fermentors (U-SF-30X, U-SF-20X, USF-10X, and U-PF-00X). If corrosive stress tests indicate that these vessels require an improved
material of construction, then monel or titanium-clad vessels may be produced (providing that
fermenters can indeed be constructed in these sizes of these specific materials). The FM for monel
(a nickel alloy for seawater solutions) is 2.7 and the FM for titanium-clad equipment is 3.0. Table
A.2 gives the total bare module costs of the fermenters in monel and titanium-clad linings
compared to stainless steel 316 construction. Realistically, titanium-clad vessels of our larger
operating sizes are not practical to construct, but the table still gives a good illustration of the
differences in costs.
Table A.2: All costs are bare module costs for the sets of three fermentors, including the cost of
associated equipment such as agitators. Agitator pricing is assumed to remain the same. For each
fermentor series, there are three equivalent fermentors.
Fermentor ID

Stainless Steel 316

Monel

Titanium-Clad

U-SF-30X

$ 165,180

$ 211,650

$ 234,879

U-SF-20X

$ 434,100

$ 572,229

$ 634,242

U-SF-10X

$ 1,925,010

$ 2,452,727

$ 2,716,586

U-PF-00X

$4,869,900

$ 6,195,729

$ 6,858,643

A major consideration in the upstream was determination of heat load. Using the Chang
2013 paper, an oxygen uptake rate of 28.9 mmol O2/(hr-L) was used, where the volume is liters
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of broth. 2 Following Dr. Bockrath’s advice, a classic biotechnology paper, Measurement of Heat
Evolution and Correlation with Oxygen Consumption during Microbial Growth, was consulted
to determine heat load during fermentation. The primary author of this paper, Professor Charles
L. Cooney of the Massachusetts Institute of Technology, graduated from the University of
Pennsylvania with a Bachelor’s degree in chemical engineering in 1966, presumably with highest
honors. The heat load relationship between oxygen consumption and heat, provided by thenmasters student Cooney, after numerous experiments involving aerobic fermentation in the
laboratory, was 0.124 kcal/mol oxygen. As air is provided to the fermentors at a rate of 1 vvm,
the oxygen transfer rate (OTR) significantly exceed the oxygen uptake rate (OUR), indicating that
the reaction rate was solely dependent on oxygen uptake limitations.
SAMPLE CALCULATION FOR HEAT LOAD OF U-PH-001:
The flow rate of air into the system is 1 vvm, or 20,520 lb air/ hr. Therefore, the OUR rate
is 200,000L * 28.9 mmol/(L-hr) = 5.78*106 mmol/hr. Converting this number using the Cooney
factor gave a heat load of 2.84*106 Btu/hr. With a conservative estimate of a 70% heat transfer
efficiency, this leads to a head load of 4.06*106 Btu/hr.

FILTERS
Two types of filters are used in the process: cartridge filter and lamella filter. For the cartridge filter
system, it is assumed that two cartridge filters are needed, put in parallel so that one is always in service.

2 The following remark is addressed to the extra-careful reader, to remove any potential accusations of
duplicity associated with the project authors. The maximum OUR was taken from a figure from Chang et.
al; the y-axis of that graph gave a value of 2.89 mol O2/(hr-L). Upon discussion with project champions
and consultants, this value was suggested to be too high. A value of < 50 mmol O2/(hr-L) was deemed be
more reasonable. The project authors presumed that the axis of the specific figure in question was
mislabeled, and an OUR of 28.9 mmol O2/(hr-L) was presented and amicably agreed upon by all parties of
the discussion. Chang et. al. was contacted via electronic message, but no return reply was received.
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When the pressure drop for the one in use gets above a certain value then the filter is switched to replace
the dirty one. To ensure the quality of the filtration, cartridge filter unit is designed as a tank. The tank was
sized accordingly as a regular tank, and 20% of the price was added.

Lamella filter system was also priced the same way. It is assumed that the 20% of the
price would be added to a regular storage tank to calculate lamella filtration tank as advised by
Dr. Bockrath. A bare module factor of 2.32 was used for the filtration tank, as written in Product
and Process Design Principles, 4th edition. Note STORAGE TANK for sample calculation.
HEAT EXCHANGERS
Heat exchangers appear in the upstream process to cool down the air compressor system
(U-CP-50X) as well as to cool down the fermentors via the external cooling jackets. However, both
the bare module costs of the fermentors and the air compressor system contain the cost of the
heat exchangers within. Furthermore, heat exchangers appear in the high-temperature short time
(HTST) skids in the upstream, which sterilize incoming media. The cost for the HTST skids was
determined using a recent purchase made by Dr. Bockrath, in which he received a unit rated to
sterilize 75 m3/hr of solution for the price of $320,000. Converting this to English units leads to a
rate of 2,648.6 ft3/hr sterilization for $320,000. From this value, a cost of purchase (Cp) equation
was derived: Cp = 320,000 * (Flow rate/2648.6)0.7, using a conservative exponential costing factor
of 0.7. The numbers that Dr. Bockrath gave were for 316 SS. To eliminate corrosion, monel nickel
alloy was used for the heat exchanger skids. The material factor for monel is given as 2.7, as given
in the Product and Process Design Principles textbook. After discussion with Dr. Bockrath and
other industrial consultants, a bare module factor of 1.5 was used for the HTST skids.
SAMPLE CALCULATION FOR U-HX-101:
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Unlike the heat exchanger in the upstream, the only heat exchanger in downstream, DHX-201, were calculated based on the Equipment Costing Spreadsheet. In the costing spreadsheet,
the input variables are heat exchanger design type, surface area (ft2), material factor FM, and FL.
The heat exchanger was chosen to be a fixed head type made out of carbon steel for both shell
side and tube side with 20ft tube length. Using tables in the Product and Process Design Principles,
4th edition, FM and FL were determined to be 1.
Its surface area was determined from the following heat equations:
Q = m𝐶𝐶𝑝𝑝 ∆𝑇𝑇

Q = UA∆𝑇𝑇𝐿𝐿𝐿𝐿

It was assumed that the only source of heat energy requirement is from cooling the fluid
down to a desired temperature. As efficiency of the heat exchanger was assumed to be 70%, the
added value was divided by 0.7 to get a conservative total heat load. Then the number was used
to calculate the surface area using the overall heat coefficient and log mean temperature
difference. The cooling water was estimated to have an inlet temperature of 90°F and an outlet
temperature of 120°F. A bare module factor of 3.17 was used for the heat exchanger, as written in
the Equipment Costing Spreadsheet for Shell and Tube heat exchanger. Note FLASH
EVAPORATOR for a sample calculation.

MOTORS
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Motors were found in all the pumps and were costed using the standard Equipment
Costing spreadsheet. The spreadsheet required inputs of flow Q (gal/min), pressure head (ft),
fluid density (lb/gal), FT factor, and break horsepower. All the motors used were totally enclosed,
fan-cooled motors with a FT factor of 1.4. The flow rate, pressure head, and fluid density values
were taken from the respective pump calculations.
PACK-OUT STATION
Resources to find out costing of pack-out station was rare. Instead, the Dr. Bockrath has
recommended us to use a price of a pack-out station for flammable pressurized gases that he has
priced recently. It includes a storage tank, scale, manifold set for loading multiple cylinders,
enclosure and complete controls. The price is $185,000. Because most additional equipment is
included in the price, bare module factor was estimated to be quite low, and 1.50 was given for
installation.
PUMPS
Costing of pumps was straightforward, as they were the most common pieces of
equipment in the process and were found in the Equipment Costing Spreadsheet. All pumps used
were centrifugal pumps. In the costing spreadsheet, the input variables are flow rate (gal/min),
pressure head (ft), pump type factor FT, and pump material factor FM. All pumps chosen were
single-stage pumps with shaft rpm 3,600 and vertical case-split orientation. Maximum motor hp
was 75 hp and the pump head range was 50-400 ft. The type factor FT was determined to be 1.00
using Table 16.20. Pumps were constructed of cast iron, as sterility did not need to be maintained
(media is pumped through high-temperature short time skids in the upstream process for
sterilization). Therefore, using Table 16.21, the material factor was determined to be 1.00. Both
tables were found in the Product and Process Design Principles, 4th edition. Calculations for the
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flow rate and head pressure were more involved. For the batch-type upstream process, a value
of flow rate was chosen with cost considerations on one end and time of transfer considerations
on the other end.
An important consideration in the downstream process was the use of spare pumps: a
broken pump in the upstream process would signify a loss of sterility control for that batch; of
necessity, the batch would be tossed, but process engineers would then get to work fixing the
problem and the other two parallel batch processes would still proceed as normal. In the
downstream, a downed pump would be catastrophic. The entire process would shut down and
production would cease. Therefore, it is wise to include a spare pump for each pump in the
downstream process. The twin pumps will run together in parallel at lower power during normal
operation, but if one of the pumps fails the flow will then be directed to the functional pump
while the non-functional pump is repaired or replaced. Electricity requirements for operation of
the two pumps were assumed to be equal to that of a single pump operating at full capacity. For
bookkeeping purposes: in the specification sheets, this is the electricity requirement listed.
For the downstream, the rate of flow was fixed from the upstream. Nevertheless, this
resulted in fluid flow rates below the 50 gal/min lower range for the pump equations. Pressure
head was calculated by measuring the pressure drop of the fluid flow, divided by the density of
the fluid itself. Elevation changes were assumed to be minimal; that is, pumps were located on
the plant floor and thus located at the same height relative to each other. Per advice from Dr.
Bockrath, a pressure drop of 25 psia was assumed as frictional losses through the pipes, and a
pressure drop of 5 psia was assumed through heat exchanger systems. A bare module factor of
3.3 was used for the pumps.
SAMPLE CALCULATION FOR U-PP-001:
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This piece of equipment pumped in media into the production fermentor. A flow rate of
550 gallons per minute was assumed so that media could be transferred to the production
fermentor over a period of 1 hour total per batch. To calculate pump head, a density of water
(62.4 lb/ft3) was used for the media broth density. The pressure entering the pump was
atmospheric (14.7 psia), as storage tank U-ST-001 is not pressurized. Furthermore, the exit
pressure of the pump was at 68.3 psia, accounting for a 25 psia drop from frictional loss of pipe
flow and 4 psia drop through the HTST skids. The pump feeds into the bottom of the U-PF-001
production fermentor, which has a vessel base pressure of 38.3 psia. At the broth level, the
pressure is 22.0 psia, or 1.5 atma. A positive pressure is desired so that in case of a leak in the
fermentor walls, air will flow outward, not the other way around. Using the pump head, flow
rate, material factor, and type factor, the cost of the U-PP-001 pump was determined to be $5,987,
with a bare module cost of $25,106 (factoring in the associated cost of the pump motor).
REGENERATIVE THERMAL OXIDIZER
The regenerative thermal oxidizer (RTO) was used to destroy any pollutants from the
waste gas streams in the upstream process. The RTO was assumed to operate at elevated
temperatures of upwards of 1,500⁰F; the equipment is extremely heat-efficient, conserving 98+%
of its heat through a ceramic bed. Heat lost was provided by combustion of hydrocarbons
(methanol). Dr. Bockrath provided the team with a price quote of $550,000 for a unit rated for
15,000 standard cubic feet/min of waste air flow. Converting to lb flow rate of air per hour gives
67,500 lb/hr air flow. Therefore, using a conservative exponential costing factor of 1.5m, the
costing equation for the RTO is Cp = 550,000*(Flow rate/67,500)0.7. A bare module factor of 1.5
was used for the RTO. In the mass balances, the standard maximum air flow rate of 21,330 lb/hr
is used.
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SAMPLE CALCULATION FOR U-RT-001:
The air compressor system is comprised of three two-stage air compressors in parallel,
with each of the air compressors operating at a maximum air flow rate of 21,330 lb/hr. Therefore,
a conservative estimate 150% operation flow rate was assumed, so the maximum capacity of the
entire air compressor system was calculated to be 95,985 lb/hr. Via the costing equation, the cost
of the regenerative thermal oxidizer is $703,700. The bare module cost is $1,055,560.
SPRAY DRYER
Spray dryers are package units and include the spray dry vessel, bag house/cyclone,
atomizer and its pump and air blower. The cost of spray dryer was derived from products in
Alibaba, provided by Dr. Bockrath. The provided model has built-in CIP that would help the
process keep sanitized. The purchase cost of the product is $500,000. In addition, $30,000 delivery
fee is added to the cost because the dryer is big (14 ft in diameter) enough that it can’t be ignored.
SCHEIBEL EXTRACTION COLUMN
Scheibel columns is also a package unit, and have to be bought as a whole system. The
purchase cost of the column was derived from an online vendor selling a used product. The
vendor, however, also listed the price of the new product as well for $142,000. This price was
assumed to be the purchase cost of Scheibel column used for the process. The bare module factor
of 1.5 is assumed, and hence the total bare module cost of $213,000 is estimated per piece.

STORAGE TANKS
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Storage tanks were costed using the equation provided in Table 16.32 of the Product and
Process Design Principles, 4th edition. All storage tanks were cone roof storage tanks made of
carbon steel. The equation for the purchase cost, Cp, is Cp= 265V0.513, where V is the total volume
of the tank in gallons. This purchase cost was then converted into the correct cost index of 545.
After discussion with Dr. Bockrath, our industry consultant, a bare module factor of 1.5 was used
for the storage tanks. For the upstream process, it was assumed that the storage tanks had the
capacity for 3 batches of charge material, so that charge material would only have to be delivered
to the storage tanks every week or so.
SAMPLE CALCULATION FOR U-ST-001:
Given a tank volume of 20,055 ft3, or 150,021 gallons, the cost with CE = 567 is $119,843.
The tank volume was determined by the media volume per batch, multiplying by three batches,
and then using an estimate of 70% of total tank volume occupied by media. Converting to CE =
545 gives a cost of $115,193. After multiplying by FBM of 1.5, a cost of $172,789 was obtained.
SET POINT MODEL OF D-ST-001 STORAGE TANK
One of the more prominent storage tanks in the process was the D-ST-001 tank as it
marked the transition between the fed-batch upstream process and the continuous downstream
process. Using a MATLAB script, the set point height (volume) was modelled, accounting for a
cycle time of 6.6 days and staggered batch times of 5.37 days.
The MATLAB code is inserted below. The script itself contains the assumptions that
detailed the though process that went into creating the model.
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% Set Point Height (Volume) Simulator
% This program simulates the oscillatory response of the D-ST-001 storage
% tank set point height (proportional to volume).
%
%
%
%
%
%
%
%
%

Assume that the batch volume is a step input. The D-ST-001 storage tank
has a max volume of 28,250 ft^3 and a working volume of 9,780 ft^3.
The working volume is 2x the production fermentor total volume.
The batch size of the production fermentor is 7,063 ft^3.
The mass of the batch is 440,900 lb.
Therefore, it is optimal to have the set point volume of the fermentor be
19,780 - 7,063 = 12,717 ft^3.
The step input will be scaled by 7,063 to model the system.
Broth addition occurs over a two hour period, or 0.083 days.

% The variable vtot takes into account the total material output from the
% upstream
% The variable h is a 'perturbation' due to the arrival of another batch
%
%
%
%
%
%
%

Each batch is staggered 5.37 days, per the Gantt chart specifications.
However, an added complexity is that cycle times for each
parallel 330 batch process is 6.6 days (330/50 = 6.6). (Note that the
absolute minimum cycle time is 6.0 days).
Broth is removed from the storage tank at a rate of 8,350 lb/hr. This is
equivalent to 133.92 ft^3/hr or 3,214 ft^3/day. A linear decrease will
model broth removal.

% Model 100 days of operation
scale = 7063; % in ft^3
days = 100; % Time of simulation
stagger = 5.37; % Batch stagger time
addTime = 0.083; % Time for broth transfer
rateRemove = -3214; % ft^3 per day
setPoint = 20000; % pseudo-set point to account to reach SS conditions
maxVolume = 28250; % Max volume of the D-ST-001 storage vessel
cycleTime = 6.6;
% Create time and volume arrays
time = [0:0.1:days];
volume = zeros(size(time));
% While loop that models the influx of broth as a step functions
i = 1;
while i < length(volume)
volume(i) = scale* (1+floor(time(i)/cycleTime)); % # batches fed
% multiplied by batch vol.
x = rem(time(i),cycleTime);
if x < addTime % Determines if the batch is currently being added
volume(i)= volume(i)- ((addTime-x)/addTime)*scale;
end
i = i+1;
end
% Account for 5.37 day stagger
volume2 = circshift(volume,(round(stagger/0.1))); % 2nd batch process
volume3 = circshift(volume2,(round(stagger/0.1))); % 3rd batch process
j = 1;
while j < round(stagger/0.1)+1 % +1 accounts for errors assoc. w/ round()
volume2(j) = 0;

volume3(2*j)=0;
volume3(2*j-1)=0;
j = j+1;
end
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% Combine the stagger and cycle time together
volumeTot = volume + volume2 + volume3;
volumeTot = volumeTot + setPoint*ones(size(time)); % accounting for set pt
% Model the system with the removal of broth
removal = rateRemove*time;
volumeTot = volumeTot + removal;
% Include max tank volume indicator;
maxTankVolume = maxVolume*ones(size(time));
% Include set point indicator;
SP = 12717;
setPointTank = SP*ones(size(time));
% Graph the combined systems to show effect
% Y axis is in 1000s of ft^3
hold on
plot(time, maxTankVolume/1000)
plot(time, setPointTank/1000)
plot(time, volumeTot/1000)
axis([5 100 0 40]); % Starting at 5 days cuts off the initial graph,
% which not all batches were feeding in material

in

hold off

To break help illustrate the model fully, additional plots (Figures A.4, A.5, and A.6) are
shown that detail the effect of individual batches and the stagger time. Figure A.4 shows that the
cycle time and batch align quite closely with one another, so that the equivalent of two batches
worth of broth are discharged at once. Therefore, the optimal broth volume of the D-ST-001
storage tank was 2x that of the fermentor volume of the U-PF-00X production fermentors. Figure
A.5 shows the magnitude of the cumulative broth removed or charged over time. Figure A.6
illustrates the effect of increasing or decreasing the broth volume by 5%. Without the intervention
of control, the D-ST-001 storage tank will rapidly overflow or empty.
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Figure A.4: Each batch is staggered by 5.37 days, which is the batch time divided by 3. Note how
this results in 2 batches nearly at the same time. This feeding results in a large perturbation.

Figure A.5: Top linear line = cumulative broth removed, while top jagged line = cumulative broth
charged. The three step functions below represent the three batch processes.
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Figure A.6: The middle function shows the correct charge amount and removal rate. The top and
bottom function give the effect of increasing broth charge by 5% and decreasing it by 5%,
respectively.
WATER CHILLER
The U-CH-001 water chiller provides all of the chilled water used within the process via
an enclosed loop; chilled water is used to keep the fermentors operating at a set point temperature
of 77 ⁰F. Chilled water costs were provided by the book and are described in the utilities section.

Dr. Bockrath provided a quote of $650,000 for a 5 MW machine. The cost to purchase, CP, for the
water chiller was given as CP = 650,000 * (Energy Required/5)0.7. The bare module cost for the
water chiller was assumed to be 1.5, per Dr. Bockrath’s suggestions.
SAMPLE CALCULATION FOR U-CH-001:
Calculation of heat load from the fermentation vessels leads to a total heat load of 78,895
GJ/year, or 2.50 MW. The equation gives a purchase cost of $400,286, or a bare module cost of
$600,428.
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FLASH EVAPORATOR
It was advised by Dr. Bockrath that the flash evaporator, like condensers, shall be
considered as an inverse heat exchanger, and that the Shell and Tube heat exchanger pricing
method from the Equipment Costing Spreadsheet to be used. In the costing spreadsheet, the input
variables are heat exchanger design type, surface area (ft2), material factor FM, and FL. The flash
evaporator was chosen to be a fixed head type made out of carbon steel for both shell side and
tube side with 20ft tube length. Using tables in the Product and Process Design Principles, 4th
edition, FM and FL were determined to be 1.
Its surface area was determined from the following heat equations:
Q = m𝐶𝐶𝑝𝑝 ∆𝑇𝑇

Q = m∆𝐻𝐻𝑣𝑣𝑣𝑣𝑣𝑣
Q = UA∆𝑇𝑇𝐿𝐿𝐿𝐿

It is assumed that there would be two sources of heat requirement in a flash evaporator:
1) from heating up the material to the boiling temperature, and 2) from evaporating the fluid. The
D-FE-101 flash evaporator has two input streams and four output streams (of which a pair of
input and output stream is a steam stream) whereas a regular heat exchanger has two input
streams and two output streams. The output streams altogether, however, have over 90% hexane
composition, and hence is assumed to be one pure hexane stream instead. Using constants of
hexane, the heat transfer energy and vaporization energy were calculated. The two values of heat
energy were calculated and added. As efficiency of the condenser was assumed to be 70%, the
added value was divided by 0.7 to get a conservative total heat load. Then the number was used
to calculate the surface area using the overall heat coefficient and log mean temperature
difference. The temperature steam is assumed to stay at 401°F, and the heat energy is derived
from the condensation of steam.
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SAMPLE CALCULATION FOR D-FE-101 (Including Condenser and Heat exchanger):
Excluding two steam streams, D-FE-101 has three output streams D-S-116, D-S-117, and
D-S-120. D-S-117 has a flow rate of 4749.5 lb /hr and it’s 100% hexane. Calculating heat transfer
energy (Q = mCp∆T) and vaporization energy (Q=m∆Hvap) assuming that Cp = 0.2 KJ/mol/°K
and ∆Hvap = 31.1 KJ/mol for hexane, yields 8.07 × 106 KJ/hr and 8.85 × 105 KJ/hr. The two values
were converted into BTU/hr, added together, and divided by 70% efficiency to result in
1.212804558 × 107. Dividing this total Q by the overall heat transfer coefficient ( U = 75 BTU/ft2/°F)
and log mean temperature difference (∆TLM = 135°F), it gives the surface area of 1198 ft2. Using
the Equipment Costing Spreadsheet, it gives a purchase cost of D-FE-101 as $10,435. Multiplying
it by the bare module factor of 3.17, the total bare module cost is $33,079.
WIPED FILM EVAPORATOR
The cost of Wiped Film Evaporator was derived from a book Plant Design and Economics
for Chemical Engineers by Max Peters et al. Figure 15-27 in the book shows a graph of purchase
cost vs surface area of a wiped film evaporator (also known as known as agitated falling-film
evaporator) in 1990. The surface area of the Evaporator was calculated using Shell and Tube heat
exchanger pricing method in the Equipment Costing Spreadsheet. Using the graph, purchase cost
was estimated for wiped film evaporator. Surface area of 138 ft2 was calculated, and the following
purchase cost was estimated to be $141,255. The value was then adjusted to the appropriate CE
index of 545 from 361 in 1990. The adjusted price was estimated to be $213,073. The bare module
factor of 2.53 was used as recommended by Dr. Bockrath.
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PROFITABILITY ANALYSIS
The profitability analysis was completed using the Profitability Analysis-4.0.xls
spreadsheet, graciously created by former student Brian K. Downey, E ‘08, W ‘08. Chapter 17.8 of
the Product and Process Design Principles textbook gives the general instructions for use of
profitability analysis. Of the ten Excel spreadsheet tabs, four are “protected,” with the remaining
six available for input specifications. The four protected tabs display the results of profitability
analysis for the process: 1. Input Summary; 2. Cost Summary; 3. Cash Flows; 4. Profitability
Measures. The assumptions in this section will cover each of these six tabs in turn: 1. General
Input; 2. Selling price; 3. Variable Costs and Working Capital; 4. Total Permanent Investment; 5.
Equipment Costs; 6. Fixed Costs.
1. GENERAL INPUT
a. Timeline: The timeline of the process allocates one year each for design and construction,
then a standard production lifespan of twenty years. The site factor was 1.15, as the plant
will be located in Clinton, Iowa. This location was chosen due to its proximity to ADM, a
company that can provide our process with waste disposal options and some utility
requirements.
b. Continuous/Discrete Operation: Continuous operation was chosen, with an operating
time of 330 days. Production capacity was assumed to be 90% that of design capacity,
allowing for general inefficiencies, and production was started at 50% that of production
capacity. As the downstream portion of the process is continuous, the number of shifts
required was 5. A 10 year depreciation schedule was selected. A federal income tax rate
of 40% was assumed with a 15% discount rate. To avoid double-counting for profitability
calculations, the general inflation rate and its components were set to zero.
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c. Product Information: The DHA product had a market price of $800/kg, or $362.88/lb.
d. Raw Materials: Raw materials that entered the process were listed, with cost of raw
materials coming from two major sources: past relevant University of Pennsylvania
Chemical Engineering senior design projects retrieved from the repository and from the
2008 Indicative Chemical Prices report from the ICIS Chemical Business Market Report.
e. Byproducts: There were no byproducts in the process. Biomass side-products were also
considered, but ultimately this option was scrapped due to unfavorable economics.
f. Utilities: There were seven different utilities that factored into the profitability analysis.
The required ratios of the utilities were determined from mass balances and energy
balances.
2. SELLING PRICE
a. Selling Price: Selling price was assumed to be constant over the twenty-year plant
operation lifespan, at $362.90/lb.
3. VARIABLE COSTS AND WORKING CAPITAL
a. General Expenses & Working Capital: General accounting practices were followed and
the inputs were left to default settings.
4. TOTAL PERMANENT INVESTMENT
a. Total Permanent investment: Total permanent investment inputs were left to default
settings.
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5. EQUIPMENT COSTS
a. Equipment Costs: Equipment costs were determined using the three different
approaches, as mentioned in the assumed section for equipment. Equipment that
involved major moving parts were listed as process equipment. Process equipment is
more likely to need replacements and repairs, and it includes the pumps, air and hexane
compressors, centrifuges, and the bead mill. The majority of the equipment was fabricated
6. FIXED COSTS
a. Operations: The number of operators per shift was determined to be 14, based on Table
17.3 of the Product and Process Design Principles textbook. There were two major sections
in the semi-batch upstream process: laboratory-scale and process-scale. In the continuous
downstream, there were four main areas to oversee, designated as the D-000, the D-100,
the D-200, and the D-300 sections. As the process involved solids-fluids processing, three
operators were required for each process section in the upstream and two operators were
required for each process in the downstream.
b. Other: The other sections in the fixed cost tab were left unchanged, as the numbers fit
in well with standard accounting principles.
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APPENDIX B: ASPEN FOR AIR COMPRESSOR SYSTEM

The ASPEN diagram for U-CP-50X Air Compressor System is presented on the following page
in Figure B.1.
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Figure B.1: ASPEN Flow Diagram for Air Compression System
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ASPEN BLOCK REPORT SUMMARY
BLOCK: COMP-01 MODEL: COMPR
----------------------------INLET STREAM:
1
OUTLET STREAM:
3
PROPERTY OPTION SET:
NRTL
***
DIFF.
TOTAL BALANCE
MOLE(LBMOL/HR)
MASS(LB/HR
)
ENTHALPY(BTU/HR

RENON (NRTL) / IDEAL GAS

MASS AND ENERGY BALANCE
IN

1063.18
30780.0
-29449.1

)

***
OUT

1063.18
30780.0
936686.

RELATIVE

0.00000
0.00000
-1.03144

*** CO2 EQUIVALENT SUMMARY ***
FEED STREAMS CO2E
0.00000
LB/HR
PRODUCT STREAMS CO2E
0.00000
LB/HR
NET STREAMS CO2E PRODUCTION
0.00000
LB/HR
UTILITIES CO2E PRODUCTION
0.00000
LB/HR
TOTAL CO2E PRODUCTION
0.00000
LB/HR
***

INPUT DATA

ISENTROPIC CENTRIFUGAL COMPRESSOR
OUTLET PRESSURE PSIA
ISENTROPIC EFFICIENCY
MECHANICAL EFFICIENCY
***

RESULTS

29.7327
0.85000
1.00000
***

INDICATED HORSEPOWER REQUIREMENT HP
BRAKE
HORSEPOWER REQUIREMENT HP
NET WORK REQUIRED
HP
POWER LOSSES
HP
ISENTROPIC HORSEPOWER REQUIREMENT HP
CALCULATED OUTLET TEMP F
ISENTROPIC TEMPERATURE F
EFFICIENCY (POLYTR/ISENTR) USED
OUTLET VAPOR FRACTION
HEAD DEVELOPED,
FT-LBF/LB
MECHANICAL EFFICIENCY USED
INLET HEAT CAPACITY RATIO
INLET VOLUMETRIC FLOW RATE , CUFT/HR
OUTLET VOLUMETRIC FLOW RATE, CUFT/HR
INLET COMPRESSIBILITY FACTOR
OUTLET COMPRESSIBILITY FACTOR
AV. ISENT. VOL. EXPONENT
AV. ISENT. TEMP EXPONENT
AV. ACTUAL VOL. EXPONENT
AV. ACTUAL TEMP EXPONENT
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***

405.866
405.866
405.866
0.0
344.986
213.001
192.048
0.85000
1.00000
22,192.1
1.00000
1.40266
413,432.
258,126.
1.00000
1.00000
1.40126
1.40126
1.49540
1.49540

APPENDIX B: ASPEN FOR AIR COMPRESSOR SYSTEM: BLOCK REPORT SUMMARY
BLOCK: COMP-02 MODEL: COMPR
----------------------------INLET STREAM:
5
OUTLET STREAM:
6
PROPERTY OPTION SET:
NRTL
***
DIFF.
TOTAL BALANCE
MOLE(LBMOL/HR)
MASS(LB/HR
)
ENTHALPY(BTU/HR

RENON (NRTL) / IDEAL GAS

MASS AND ENERGY BALANCE
IN

1063.18
30780.0
198842.

)

***
OUT

RELATIVE

1063.18
30780.0
0.140342E+07

0.00000
0.00000
-0.858316

*** CO2 EQUIVALENT SUMMARY ***
FEED STREAMS CO2E
0.00000
LB/HR
PRODUCT STREAMS CO2E
0.00000
LB/HR
NET STREAMS CO2E PRODUCTION
0.00000
LB/HR
UTILITIES CO2E PRODUCTION
0.00000
LB/HR
TOTAL CO2E PRODUCTION
0.00000
LB/HR
***

INPUT DATA

ISENTROPIC CENTRIFUGAL COMPRESSOR
OUTLET PRESSURE PSIA
ISENTROPIC EFFICIENCY
MECHANICAL EFFICIENCY
***

RESULTS

59.4655
0.85000
1.00000
***

INDICATED HORSEPOWER REQUIREMENT HP
BRAKE
HORSEPOWER REQUIREMENT HP
NET WORK REQUIRED
HP
POWER LOSSES
HP
ISENTROPIC HORSEPOWER REQUIREMENT HP
CALCULATED OUTLET TEMP F
ISENTROPIC TEMPERATURE F
EFFICIENCY (POLYTR/ISENTR) USED
OUTLET VAPOR FRACTION
HEAD DEVELOPED,
FT-LBF/LB
MECHANICAL EFFICIENCY USED
INLET HEAT CAPACITY RATIO
INLET VOLUMETRIC FLOW RATE , CUFT/HR
OUTLET VOLUMETRIC FLOW RATE, CUFT/HR
INLET COMPRESSIBILITY FACTOR
OUTLET COMPRESSIBILITY FACTOR
AV. ISENT. VOL. EXPONENT
AV. ISENT. TEMP EXPONENT
AV. ACTUAL VOL. EXPONENT
AV. ACTUAL TEMP EXPONENT
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***

473.416
473.416
473.416
0.0
402.404
267.020
242.650
0.85000
1.00000
25,885.6
1.00000
1.40230
233,374.
139,427.
1.00000
1.00000
1.40043
1.40043
1.49316
1.49316
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BLOCK:

HX-01

MODEL: HEATX

----------------------------HOT SIDE:
--------INLET STREAM:
3
OUTLET STREAM:
5
PROPERTY OPTION SET:
NRTL
COLD SIDE:
---------INLET STREAM:
7
OUTLET STREAM:
8
PROPERTY OPTION SET:
NRTL
***
DIFF.
TOTAL BALANCE
MOLE(LBMOL/HR)
MASS(LB/HR
)
ENTHALPY(BTU/HR

RENON (NRTL) / IDEAL GAS

RENON (NRTL) / IDEAL GAS

MASS AND ENERGY BALANCE
IN

2312.12
53280.0
-0.152243E+09

)

***
OUT

RELATIVE

2312.12
53280.0
-0.152243E+09

0.00000
0.00000
0.00000

*** CO2 EQUIVALENT SUMMARY ***
FEED STREAMS CO2E
0.00000
LB/HR
PRODUCT STREAMS CO2E
0.00000
LB/HR
NET STREAMS CO2E PRODUCTION
0.00000
LB/HR
UTILITIES CO2E PRODUCTION
0.00000
LB/HR
TOTAL CO2E PRODUCTION
0.00000
LB/HR
***

INPUT DATA

***

FLASH SPECS FOR HOT SIDE:
TWO
PHASE
FLASH
MAXIMUM NO. ITERATIONS
CONVERGENCE TOLERANCE

30
0.000100000

FLASH SPECS FOR COLD SIDE:
TWO
PHASE
FLASH
MAXIMUM NO. ITERATIONS
CONVERGENCE TOLERANCE

30
0.000100000

FLOW DIRECTION AND SPECIFICATION:
COUNTERCURRENT
HEAT EXCHANGER
SPECIFIED HOT OUTLET TEMP
SPECIFIED VALUE
F
LMTD CORRECTION FACTOR
PRESSURE SPECIFICATION:
HOT SIDE PRESSURE DROP
COLD SIDE PRESSURE DROP

PSI
PSI

HEAT TRANSFER COEFFICIENT SPECIFICATION:
HOT LIQUID
COLD LIQUID
BTU/HR-SQFT-R
HOT 2-PHASE
COLD LIQUID
BTU/HR-SQFT-R
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104.0000
1.00000

0.0000
0.0000

149.6937
149.6937
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HOT
HOT
HOT
HOT
HOT
HOT
HOT

VAPOR
LIQUID
2-PHASE
VAPOR
LIQUID
2-PHASE
VAPOR

COLD
COLD
COLD
COLD
COLD
COLD
COLD

LIQUID
2-PHASE
2-PHASE
2-PHASE
VAPOR
VAPOR
VAPOR
***

BTU/HR-SQFT-R
BTU/HR-SQFT-R
BTU/HR-SQFT-R
BTU/HR-SQFT-R
BTU/HR-SQFT-R
BTU/HR-SQFT-R
BTU/HR-SQFT-R

OVERALL RESULTS

149.6937
149.6937
149.6937
149.6937
149.6937
149.6937
149.6937

***

STREAMS:
-------------------------------------|
|
3
----->|
HOT
|----->
T= 2.0400D+02 |
|
1.0400D+02
P= 2.7557D+01 |
|
2.7557D+01
V= 1.0000D+00 |
|
1.0000D+00
|
|
8
<-----|
COLD
|<----T= 1.2240D+02 |
|
8.9600D+01
P= 1.4700D+01 |
|
1.4700D+01
V= 0.0000D+00 |
|
0.0000D+00
-------------------------------------DUTY AND AREA:
CALCULATED HEAT DUTY
CALCULATED (REQUIRED) AREA
ACTUAL EXCHANGER AREA
PER CENT OVER-DESIGN
HEAT TRANSFER COEFFICIENT:
AVERAGE COEFFICIENT (DIRTY)
UA (DIRTY)

BTU/HR
SQFT
SQFT

BTU/HR-SQFT-R
BTU/HR-R

LOG-MEAN TEMPERATURE DIFFERENCE:
LMTD CORRECTION FACTOR
LMTD (CORRECTED)
F
NUMBER OF SHELLS IN SERIES
PRESSURE DROP:
HOTSIDE, TOTAL
COLDSIDE, TOTAL

PSI
PSI
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5
T=
P=
V=

7
T=
P=
V=

737843.8962
127.2313
127.2313
0.0000

149.6937
19045.7193

1.0000
38.7407
1

0.0000
0.0000
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***

ZONE RESULTS

***

TEMPERATURE LEAVING EACH ZONE:
HOT
------------------------------------------------------------|
|
|
VAP
| HOT

HOT IN
OUT
------> |
|----->
204.0 |
|
104.0
|
|
COLDOUT |
LIQ
|
COLDIN
<------ |
|<----122.4 |
|
89.6
|
|
------------------------------------------------------------COLD
ZONE HEAT TRANSFER AND AREA:
ZONE

HEAT DUTY
BTU/HR

BTU/HR-R
1
737843.896
19045.7193

AREA
SQFT

LMTD
F

127.2313

B-7

38.7407

AVERAGE U
BTU/HR-SQFT-R
149.6937
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HEATX COLD-TQCU HX-01
TQCURV INLET
------------------------------------PRESSURE PROFILE:
CONSTANT2
PRESSURE DROP:
0.0
PSI
PROPERTY OPTION SET:
NRTL
RENON (NRTL) / IDEAL GAS
----------------------------------------------------! DUTY
! PRES
! TEMP
! VFRAC
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
! BTU/HR
! PSIA
! F
!
!
!
!
!
!
!
!============!============!============!============!
!
0.0
!
14.7000 !
122.4007 !
0.0
!
! 3.5135+04 !
14.7000 !
120.8537 !
0.0
!
! 7.0271+04 !
14.7000 !
119.3052 !
0.0
!
! 1.0541+05 !
14.7000 !
117.7551 !
0.0
!
! 1.4054+05 !
14.7000 !
116.2034 !
0.0
!
!------------+------------+------------+------------!
! 1.7568+05 !
14.7000 !
114.6502 !
0.0
!
! 2.1081+05 !
14.7000 !
113.0955 !
0.0
!
! 2.4595+05 !
14.7000 !
111.5393 !
0.0
!
! 2.8108+05 !
14.7000 !
109.9815 !
0.0
!
! 3.1622+05 !
14.7000 !
108.4223 !
0.0
!
!------------+------------+------------+------------!
! 3.5135+05 !
14.7000 !
106.8616 !
0.0
!
! 3.8649+05 !
14.7000 !
105.2995 !
0.0
!
! 4.2163+05 !
14.7000 !
103.7359 !
0.0
!
! 4.5676+05 !
14.7000 !
102.1708 !
0.0
!
! 4.9190+05 !
14.7000 !
100.6043 !
0.0
!
!------------+------------+------------+------------!
! 5.2703+05 !
14.7000 !
99.0364 !
0.0
!
! 5.6217+05 !
14.7000 !
97.4671 !
0.0
!
! 5.9730+05 !
14.7000 !
95.8965 !
0.0
!
! 6.3244+05 !
14.7000 !
94.3244 !
0.0
!
! 6.6757+05 !
14.7000 !
92.7509 !
0.0
!
!------------+------------+------------+------------!
! 7.0271+05 !
14.7000 !
91.1761 !
0.0
!
! 7.3784+05 !
14.7000 !
89.6000 !
0.0
!
-----------------------------------------------------
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HEATX HOT-TQCUR HX-01
TQCURV INLET
------------------------------------PRESSURE PROFILE:
CONSTANT2
PRESSURE DROP:
0.0
PSI
PROPERTY OPTION SET:
NRTL
RENON (NRTL) / IDEAL GAS
----------------------------------------------------! DUTY
! PRES
! TEMP
! VFRAC
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
! BTU/HR
! PSIA
! F
!
!
!
!
!
!
!
!============!============!============!============!
!
0.0
!
27.5572 !
204.0000 !
1.0000 !
! 3.5135+04 !
27.5572 !
199.2471 !
1.0000 !
! 7.0271+04 !
27.5572 !
194.4932 !
1.0000 !
! 1.0541+05 !
27.5572 !
189.7382 !
1.0000 !
! 1.4054+05 !
27.5572 !
184.9821 !
1.0000 !
!------------+------------+------------+------------!
! 1.7568+05 !
27.5572 !
180.2251 !
1.0000 !
! 2.1081+05 !
27.5572 !
175.4671 !
1.0000 !
! 2.4595+05 !
27.5572 !
170.7082 !
1.0000 !
! 2.8108+05 !
27.5572 !
165.9483 !
1.0000 !
! 3.1622+05 !
27.5572 !
161.1876 !
1.0000 !
!------------+------------+------------+------------!
! 3.5135+05 !
27.5572 !
156.4260 !
1.0000 !
! 3.8649+05 !
27.5572 !
151.6636 !
1.0000 !
! 4.2163+05 !
27.5572 !
146.9004 !
1.0000 !
! 4.5676+05 !
27.5572 !
142.1364 !
1.0000 !
! 4.9190+05 !
27.5572 !
137.3717 !
1.0000 !
!------------+------------+------------+------------!
! 5.2703+05 !
27.5572 !
132.6063 !
1.0000 !
! 5.6217+05 !
27.5572 !
127.8401 !
1.0000 !
! 5.9730+05 !
27.5572 !
123.0733 !
1.0000 !
! 6.3244+05 !
27.5572 !
118.3059 !
1.0000 !
! 6.6757+05 !
27.5572 !
113.5379 !
1.0000 !
!------------+------------+------------+------------!
! 7.0271+05 !
27.5572 !
108.7692 !
1.0000 !
! 7.3784+05 !
27.5572 !
104.0000 !
1.0000 !
-----------------------------------------------------
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BLOCK: HX-02
MODEL: HEATX
----------------------------HOT SIDE:
--------INLET STREAM:
6
OUTLET STREAM:
11
PROPERTY OPTION SET:
NRTL
COLD SIDE:
---------INLET STREAM:
9
OUTLET STREAM:
10
PROPERTY OPTION SET:
NRTL
***
DIFF.
TOTAL BALANCE
MOLE(LBMOL/HR)
MASS(LB/HR
)
ENTHALPY(BTU/HR
15

RENON (NRTL) / IDEAL GAS

RENON (NRTL) / IDEAL GAS

MASS AND ENERGY BALANCE
IN

3172.50
68780.0
-0.257300E+09

)

***
OUT

RELATIVE

3172.50
68780.0
-0.257300E+09

0.00000
0.00000
0.115827E-

*** CO2 EQUIVALENT SUMMARY ***
FEED STREAMS CO2E
0.00000
LB/HR
PRODUCT STREAMS CO2E
0.00000
LB/HR
NET STREAMS CO2E PRODUCTION
0.00000
LB/HR
UTILITIES CO2E PRODUCTION
0.00000
LB/HR
TOTAL CO2E PRODUCTION
0.00000
LB/HR
***

INPUT DATA

***

FLASH SPECS FOR HOT SIDE:
TWO
PHASE
FLASH
MAXIMUM NO. ITERATIONS
CONVERGENCE TOLERANCE

30
0.000100000

FLASH SPECS FOR COLD SIDE:
TWO
PHASE
FLASH
MAXIMUM NO. ITERATIONS
CONVERGENCE TOLERANCE

30
0.000100000

FLOW DIRECTION AND SPECIFICATION:
COUNTERCURRENT
HEAT EXCHANGER
SPECIFIED HOT OUTLET TEMP
SPECIFIED VALUE
F
LMTD CORRECTION FACTOR
PRESSURE SPECIFICATION:
HOT SIDE PRESSURE DROP
COLD SIDE PRESSURE DROP

PSI
PSI
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0.0000
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HEAT TRANSFER COEFFICIENT SPECIFICATION:
HOT LIQUID
COLD LIQUID
BTU/HR-SQFT-R
HOT 2-PHASE
COLD LIQUID
BTU/HR-SQFT-R
HOT VAPOR
COLD LIQUID
BTU/HR-SQFT-R
HOT LIQUID
COLD 2-PHASE
BTU/HR-SQFT-R
HOT 2-PHASE
COLD 2-PHASE
BTU/HR-SQFT-R
HOT VAPOR
COLD 2-PHASE
BTU/HR-SQFT-R
HOT LIQUID
COLD VAPOR
BTU/HR-SQFT-R
HOT 2-PHASE
COLD VAPOR
BTU/HR-SQFT-R
HOT VAPOR
COLD VAPOR
BTU/HR-SQFT-R
***

OVERALL RESULTS

149.6937
149.6937
149.6937
149.6937
149.6937
149.6937
149.6937
149.6937
149.6937

***

STREAMS:
-------------------------------------|
|
6
----->|
HOT
|----->
T= 2.6702D+02 |
|
1.0400D+02
P= 5.9465D+01 |
|
5.9500D+01
V= 1.0000D+00 |
|
1.0000D+00
|
|
10
<-----|
COLD
|<----T= 1.2132D+02 |
|
8.9600D+01
P= 1.4700D+01 |
|
1.4700D+01
V= 0.0000D+00 |
|
0.0000D+00
-------------------------------------DUTY AND AREA:
CALCULATED HEAT DUTY
CALCULATED (REQUIRED) AREA
ACTUAL EXCHANGER AREA
PER CENT OVER-DESIGN
HEAT TRANSFER COEFFICIENT:
AVERAGE COEFFICIENT (DIRTY)
UA (DIRTY)

BTU/HR
SQFT
SQFT

BTU/HR-SQFT-R
BTU/HR-R

LOG-MEAN TEMPERATURE DIFFERENCE:
LMTD CORRECTION FACTOR
LMTD (CORRECTED)
F
NUMBER OF SHELLS IN SERIES
PRESSURE DROP:
HOTSIDE, TOTAL
COLDSIDE, TOTAL

PSI
PSI
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11
T=
P=
V=

9
T=
P=
V=

1204575.3211
141.8355
141.8355
0.0000

149.6937
21231.8797

1.0000
56.7343
1

0.0000
0.0000
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***

ZONE RESULTS

***

TEMPERATURE LEAVING EACH ZONE:
HOT
------------------------------------------------------------|
|
|
VAP
| HOT

HOT IN
OUT
------> |
|----->
267.0 |
|
104.0
|
|
COLDOUT |
LIQ
|
COLDIN
<------ |
|<----121.3 |
|
89.6
|
|
------------------------------------------------------------COLD
ZONE HEAT TRANSFER AND AREA:
ZONE

HEAT DUTY
BTU/HR

BTU/HR-R
1
1204575.321
21231.8797

AREA
SQFT

LMTD
F

141.8355
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AVERAGE U
BTU/HR-SQFT-R
149.6937
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APPENDIX B: ASPEN FOR AIR COMPRESSOR SYSTEM: BLOCK REPORT SUMMARY

HEATX COLD-TQCU HX-02
TQCURV INLET
------------------------------------PRESSURE PROFILE:
CONSTANT2
PRESSURE DROP:
0.0
PSI
PROPERTY OPTION SET:
NRTL
RENON (NRTL) / IDEAL GAS
----------------------------------------------------! DUTY
! PRES
! TEMP
! VFRAC
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
! BTU/HR
! PSIA
! F
!
!
!
!
!
!
!
!============!============!============!============!
!
0.0
!
14.7000 !
121.3174 !
0.0
!
! 5.7361+04 !
14.7000 !
119.8210 !
0.0
!
! 1.1472+05 !
14.7000 !
118.3231 !
0.0
!
! 1.7208+05 !
14.7000 !
116.8237 !
0.0
!
! 2.2944+05 !
14.7000 !
115.3229 !
0.0
!
!------------+------------+------------+------------!
! 2.8680+05 !
14.7000 !
113.8207 !
0.0
!
! 3.4416+05 !
14.7000 !
112.3171 !
0.0
!
! 4.0153+05 !
14.7000 !
110.8121 !
0.0
!
! 4.5889+05 !
14.7000 !
109.3057 !
0.0
!
! 5.1625+05 !
14.7000 !
107.7979 !
0.0
!
!------------+------------+------------+------------!
! 5.7361+05 !
14.7000 !
106.2887 !
0.0
!
! 6.3097+05 !
14.7000 !
104.7781 !
0.0
!
! 6.8833+05 !
14.7000 !
103.2662 !
0.0
!
! 7.4569+05 !
14.7000 !
101.7530 !
0.0
!
! 8.0305+05 !
14.7000 !
100.2384 !
0.0
!a
!------------+------------+------------+------------!
! 8.6041+05 !
14.7000 !
98.7225 !
0.0
!
! 9.1777+05 !
14.7000 !
97.2053 !
0.0
!
! 9.7513+05 !
14.7000 !
95.6868 !
0.0
!
! 1.0325+06 !
14.7000 !
94.1670 !
0.0
!
! 1.0899+06 !
14.7000 !
92.6459 !
0.0
!
!------------+------------+------------+------------!
! 1.1472+06 !
14.7000 !
91.1236 !
0.0
!
! 1.2046+06 !
14.7000 !
89.6000 !
0.0
!
-----------------------------------------------------

B-13

APPENDIX B: ASPEN FOR AIR COMPRESSOR SYSTEM: BLOCK REPORT SUMMARY

HEATX HOT-TQCUR HX-02
TQCURV INLET
------------------------------------PRESSURE PROFILE:
CONSTANT2
PRESSURE DROP:
0.0
PSI
PROPERTY OPTION SET:
NRTL
RENON (NRTL) / IDEAL GAS
----------------------------------------------------! DUTY
! PRES
! TEMP
! VFRAC
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
! BTU/HR
! PSIA
! F
!
!
!
!
!
!
!
!============!============!============!============!
!
0.0
!
59.4655 !
267.0196 !
1.0000 !
! 5.7361+04 !
59.4655 !
259.2874 !
1.0000 !
! 1.1472+05 !
59.4655 !
251.5514 !
1.0000 !
! 1.7208+05 !
59.4655 !
243.8116 !
1.0000 !
! 2.2944+05 !
59.4655 !
236.0682 !
1.0000 !
!------------+------------+------------+------------!
! 2.8680+05 !
59.4655 !
228.3214 !
1.0000 !
! 3.4416+05 !
59.4655 !
220.5711 !
1.0000 !
! 4.0153+05 !
59.4655 !
212.8177 !
1.0000 !
! 4.5889+05 !
59.4655 !
205.0611 !
1.0000 !
! 5.1625+05 !
59.4655 !
197.3016 !
1.0000 !
!------------+------------+------------+------------!
! 5.7361+05 !
59.4655 !
189.5392 !
1.0000 !
! 6.3097+05 !
59.4655 !
181.7742 !
1.0000 !
! 6.8833+05 !
59.4655 !
174.0065 !
1.0000 !
! 7.4569+05 !
59.4655 !
166.2363 !
1.0000 !
! 8.0305+05 !
59.4655 !
158.4637 !
1.0000 !
!------------+------------+------------+------------!
! 8.6041+05 !
59.4655 !
150.6890 !
1.0000 !
! 9.1777+05 !
59.4655 !
142.9121 !
1.0000 !
! 9.7513+05 !
59.4655 !
135.1332 !
1.0000 !
! 1.0325+06 !
59.4655 !
127.3525 !
1.0000 !
! 1.0899+06 !
59.4655 !
119.5699 !
1.0000 !
!------------+------------+------------+------------!
! 1.1472+06 !
59.4655 !
111.7857 !
1.0000 !
! 1.2046+06 !
59.4655 !
104.0000 !
1.0000 !
-----------------------------------------------------
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ASPEN STREAM REPORT SUMMARY
1 10 11 3 5
----------STREAM ID
FROM :
TO
:
02

1
---COMP-01

10
HX-02
----

11
HX-02
----

SUBSTREAM: MIXED
PHASE:
VAPOR
LIQUID
VAPOR
COMPONENTS: LBMOL/HR
AIR
1063.1791
0.0
1063.1791
1063.1791
WATER
0.0
2109.3205
0.0
TOTAL FLOW:
LBMOL/HR
1063.1791 2109.3205 1063.1791
1063.1791
LB/HR
3.0780+04 3.8000+04 3.0780+04
3.0780+04
CUFT/HR
4.1343+05
627.6051 1.0809+05
2.3337+05
STATE VARIABLES:
TEMP
F
73.0000
121.3174
104.0000
104.0000
PRES
PSIA
14.7000
14.7000
59.5000
27.5572
VFRAC
1.0000
0.0
1.0000
1.0000
LFRAC
0.0
1.0000
0.0
SFRAC
0.0
0.0
0.0
ENTHALPY:
BTU/LBMOL
-27.6991 -1.2208+05
187.0262
187.0262
BTU/LB
-0.9568 -6776.2930
6.4601
6.4601
BTU/HR
-2.9449+04 -2.5750+08 1.9884+05
1.9884+05
ENTROPY:
BTU/LBMOL-R
-5.2354-02
-37.5476
-2.4370
0.9085
BTU/LB-R
-1.8084-03
-2.0842 -8.4177-02
02
DENSITY:
LBMOL/CUFT
2.5716-03
3.3609 9.8364-03
03
LB/CUFT
7.4450-02
60.5476
0.2848
0.1319
AVG MW
28.9509
18.0153
28.9509
28.9509
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3
COMP-01
HX-01

5
HX-01
COMP-

VAPOR

VAPOR

1063.1791
0.0

0.0

1063.1791
3.0780+04
2.7478+05

204.0000
27.5572
1.0000
0.0
0.0

0.0
0.0

881.0240
30.4317
9.3669+05

0.2249

-

7.7677-03 -3.1380-

3.8692-03
0.1120
28.9509

4.5557-
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6 7 8 9
------STREAM ID
FROM :
TO
:

6
COMP-02
HX-02

7
---HX-01

8
HX-01
----

9
---HX-02

SUBSTREAM: MIXED
PHASE:
VAPOR
LIQUID
LIQUID
LIQUID
COMPONENTS: LBMOL/HR
AIR
1063.1791
0.0
0.0
0.0
WATER
0.0
1248.9398 1248.9398 2109.3205
TOTAL FLOW:
LBMOL/HR
1063.1791 1248.9398 1248.9398 2109.3205
LB/HR
3.0780+04 2.2500+04 2.2500+04 3.8000+04
CUFT/HR
1.3943+05
365.0963
371.8372
616.6072
STATE VARIABLES:
TEMP
F
267.0196
89.6000
122.4007
89.6000
PRES
PSIA
59.4655
14.7000
14.7000
14.7000
VFRAC
1.0000
0.0
0.0
0.0
LFRAC
0.0
1.0000
1.0000
1.0000
SFRAC
0.0
0.0
0.0
0.0
ENTHALPY:
BTU/LBMOL
1320.0201 -1.2265+05 -1.2206+05 -1.2265+05
BTU/LB
45.5951 -6807.9924 -6775.1993 -6807.9924
BTU/HR
1.4034+06 -1.5318+08 -1.5244+08 -2.5870+08
ENTROPY:
BTU/LBMOL-R
-0.6706
-38.5542
-37.5139
-38.5542
BTU/LB-R
-2.3163-02
-2.1401
-2.0823
-2.1401
DENSITY:
LBMOL/CUFT
7.6253-03
3.4208
3.3588
3.4208
LB/CUFT
0.2208
61.6276
60.5104
61.6276
AVG MW
28.9509
18.0153
18.0153
18.0153
1
STREAM ID
FROM :
TO
:
SUBSTREAM: MIXED
PHASE:
COMPONENTS: LBMOL/HR
AIR
WATER
TOTAL FLOW:
LBMOL/HR
LB/HR
CUFT/HR
STATE VARIABLES:
TEMP
F
PRES
PSIA
VFRAC

1
---COMP-01

VAPOR
1063.1791
0.0
1063.1791
3.0780+04
4.1343+05
73.0000
14.7000
1.0000
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LFRAC
SFRAC
ENTHALPY:
BTU/LBMOL
BTU/LB
BTU/HR
ENTROPY:
BTU/LBMOL-R
BTU/LB-R
DENSITY:
LBMOL/CUFT
LB/CUFT
AVG MW

0.0
0.0
-27.6991
-0.9568
-2.9449+04
-5.2354-02
-1.8084-03
2.5716-03
7.4450-02
28.9509

3
STREAM ID
FROM :
TO
:
SUBSTREAM: MIXED
PHASE:
COMPONENTS: LBMOL/HR
AIR
WATER
TOTAL FLOW:
LBMOL/HR
LB/HR
CUFT/HR
STATE VARIABLES:
TEMP
F
PRES
PSIA
VFRAC
LFRAC
SFRAC
ENTHALPY:
BTU/LBMOL
BTU/LB
BTU/HR
ENTROPY:
BTU/LBMOL-R
BTU/LB-R
DENSITY:
LBMOL/CUFT
LB/CUFT
AVG MW

3
COMP-01
HX-01

VAPOR
1063.1791
0.0
1063.1791
3.0780+04
2.7478+05
204.0000
27.5572
1.0000
0.0
0.0
881.0240
30.4317
9.3669+05
0.2249
7.7677-03
3.8692-03
0.1120
28.9509
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5
STREAM ID
FROM :
TO
:

5
HX-01
COMP-02

SUBSTREAM: MIXED
PHASE:
VAPOR
COMPONENTS: LBMOL/HR
AIR
1063.1791
WATER
0.0
TOTAL FLOW:
LBMOL/HR
1063.1791
LB/HR
3.0780+04
CUFT/HR
2.3337+05
STATE VARIABLES:
TEMP
F
104.0000
PRES
PSIA
27.5572
VFRAC
1.0000
LFRAC
0.0
SFRAC
0.0
ENTHALPY:
BTU/LBMOL
187.0262
BTU/LB
6.4601
BTU/HR
1.9884+05
ENTROPY:
BTU/LBMOL-R
-0.9085
BTU/LB-R
-3.1380-02
DENSITY:
LBMOL/CUFT
4.5557-03
LB/CUFT
0.1319
AVG MW
28.9509
6
STREAM ID
FROM :
TO
:
SUBSTREAM: MIXED
PHASE:
COMPONENTS: LBMOL/HR
AIR
WATER
TOTAL FLOW:
LBMOL/HR
LB/HR
CUFT/HR
STATE VARIABLES:
TEMP
F
PRES
PSIA
VFRAC

6
COMP-02
HX-02

VAPOR
1063.1791
0.0
1063.1791
3.0780+04
1.3943+05
267.0196
59.4655
1.0000
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LFRAC
SFRAC
ENTHALPY:
BTU/LBMOL
BTU/LB
BTU/HR
ENTROPY:
BTU/LBMOL-R
BTU/LB-R
DENSITY:
LBMOL/CUFT
LB/CUFT
AVG MW

0.0
0.0
1320.0201
45.5951
1.4034+06
-0.6706
-2.3163-02
7.6253-03
0.2208
28.9509

7
STREAM ID
FROM :
TO
:

7
---HX-01

SUBSTREAM: MIXED
PHASE:
LIQUID
COMPONENTS: LBMOL/HR
AIR
0.0
WATER
1248.9398
TOTAL FLOW:
LBMOL/HR
1248.9398
LB/HR
2.2500+04
CUFT/HR
365.0963
STATE VARIABLES:
TEMP
F
89.6000
PRES
PSIA
14.7000
VFRAC
0.0
LFRAC
1.0000
SFRAC
0.0
ENTHALPY:
BTU/LBMOL
-1.2265+05
BTU/LB
-6807.9924
BTU/HR
-1.5318+08
ENTROPY:
BTU/LBMOL-R
-38.5542
BTU/LB-R
-2.1401
DENSITY:
LBMOL/CUFT
3.4208
LB/CUFT
61.6276
AVG MW
18.0153
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8
STREAM ID
FROM :
TO
:

8
HX-01
----

SUBSTREAM: MIXED
PHASE:
LIQUID
COMPONENTS: LBMOL/HR
AIR
0.0
WATER
1248.9398
TOTAL FLOW:
LBMOL/HR
1248.9398
LB/HR
2.2500+04
CUFT/HR
371.8372
STATE VARIABLES:
TEMP
F
122.4007
PRES
PSIA
14.7000
VFRAC
0.0
LFRAC
1.0000
SFRAC
0.0
ENTHALPY:
BTU/LBMOL
-1.2206+05
BTU/LB
-6775.1993
BTU/HR
-1.5244+08
ENTROPY:
BTU/LBMOL-R
-37.5139
BTU/LB-R
-2.0823
DENSITY:
LBMOL/CUFT
3.3588
LB/CUFT
60.5104
AVG MW
18.0153
9
STREAM ID
FROM :
TO
:
SUBSTREAM: MIXED
PHASE:
COMPONENTS: LBMOL/HR
AIR
WATER
TOTAL FLOW:
LBMOL/HR
LB/HR
CUFT/HR
STATE VARIABLES:
TEMP
F
PRES
PSIA
VFRAC

9
---HX-02

LIQUID
0.0
2109.3205
2109.3205
3.8000+04
616.6072
89.6000
14.7000
0.0
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LFRAC
SFRAC
ENTHALPY:
BTU/LBMOL
BTU/LB
BTU/HR
ENTROPY:
BTU/LBMOL-R
BTU/LB-R
DENSITY:
LBMOL/CUFT
LB/CUFT
AVG MW

1.0000
0.0
-1.2265+05
-6807.9924
-2.5870+08
-38.5542
-2.1401
3.4208
61.6276
18.0153

10
-STREAM ID
FROM :
TO
:

10
HX-02
----

SUBSTREAM: MIXED
PHASE:
LIQUID
COMPONENTS: LBMOL/HR
AIR
0.0
WATER
2109.3205
TOTAL FLOW:
LBMOL/HR
2109.3205
LB/HR
3.8000+04
CUFT/HR
627.6051
STATE VARIABLES:
TEMP
F
121.3174
PRES
PSIA
14.7000
VFRAC
0.0
LFRAC
1.0000
SFRAC
0.0
ENTHALPY:
BTU/LBMOL
-1.2208+05
BTU/LB
-6776.2930
BTU/HR
-2.5750+08
ENTROPY:
BTU/LBMOL-R
-37.5476
BTU/LB-R
-2.0842
DENSITY:
LBMOL/CUFT
3.3609
LB/CUFT
60.5476
AVG MW
18.0153
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11
-STREAM ID
FROM :
TO
:

11
HX-02
----

SUBSTREAM: MIXED
PHASE:
VAPOR
COMPONENTS: LBMOL/HR
AIR
1063.1791
WATER
0.0
TOTAL FLOW:
LBMOL/HR
1063.1791
LB/HR
3.0780+04
CUFT/HR
1.0809+05
STATE VARIABLES:
TEMP
F
104.0000
PRES
PSIA
59.5000
VFRAC
1.0000
LFRAC
0.0
SFRAC
0.0
ENTHALPY:
BTU/LBMOL
187.0262
BTU/LB
6.4601
BTU/HR
1.9884+05
ENTROPY:
BTU/LBMOL-R
-2.4370
BTU/LB-R
-8.4177-02
DENSITY:
LBMOL/CUFT
9.8364-03
LB/CUFT
0.2848
AVG MW
28.9509
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The ASPEN diagram and report summaries for the preliminary distillation column are
shown in the following pages of Appendix C. This design was ultimately not carried forth due to
its unfavorable operating conditions, per Prof. Fabiano.
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Figure C.1: ASPEN Flow Diagram for Preliminary Distillation Column
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ASPEN BLOCK REPORT SUMMARY
BLOCK:

B1

MODEL: RADFRAC

------------------------------INLETS

- FEED

STAGE

4

OUTLETS

- CONDENSE STAGE

1

REBOILER STAGE

4

PROPERTY OPTION SET:

RK-SOAVE

***

STANDARD RKS EQUATION OF STATE

MASS AND ENERGY BALANCE

***

IN

OUT

RELATIVE

DIFF.
TOTAL BALANCE
MOLE(LBMOL/HR)

37.0479

37.0479

MASS(LB/HR

3366.00

3366.00

)

0.00000
0.145098E-

12
ENTHALPY(BTU/HR

)

-0.319019E+07

-0.332039E+07

01

***

CO2 EQUIVALENT SUMMARY ***

FEED STREAMS CO2E

0.00000

LB/HR

PRODUCT STREAMS CO2E

0.00000

LB/HR

NET STREAMS CO2E PRODUCTION

0.00000

LB/HR

UTILITIES CO2E PRODUCTION

0.00000

LB/HR

TOTAL CO2E PRODUCTION

0.00000

LB/HR

C-3

0.392126E-

APPENDIX C: ASPEN FOR PRELIMINARY DISTILLATION COLUMN
**********************
****

INPUT DATA

****

**********************

****

INPUT PARAMETERS

****

NUMBER OF STAGES

4

ALGORITHM OPTION

STANDARD

ABSORBER OPTION

NO

INITIALIZATION OPTION

STANDARD

HYDRAULIC PARAMETER CALCULATIONS

YES

INSIDE LOOP CONVERGENCE METHOD

BROYDEN

DESIGN SPECIFICATION METHOD

NESTED

MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS

75

MAXIMUM NO. OF INSIDE LOOP ITERATIONS

10

MAXIMUM NUMBER OF FLASH ITERATIONS

30

FLASH TOLERANCE

0.000100000

OUTSIDE LOOP CONVERGENCE TOLERANCE

0.000100000

****

COL-SPECS

****

MOLAR VAPOR DIST / TOTAL DIST

0.0

MASS REFLUX RATIO

1.50000

MASS DISTILLATE RATE

****

P-SPEC

PROFILES

LB/HR

3,130.00

****

STAGE

1

PRES, PSIA

*******************
****

RESULTS

****

*******************
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***

COMPONENT SPLIT FRACTIONS

***

OUTLET STREAMS
-------------CONDENSE

REBOILER

COMPONENT:
HEXANE

.99967

.33417E-03

DOCOS-01

0.0000

1.0000

***

SUMMARY OF KEY RESULTS

***

TOP STAGE TEMPERATURE

F

-35.5363

BOTTOM STAGE TEMPERATURE

F

369.817

TOP STAGE LIQUID FLOW

LBMOL/HR

BOTTOM STAGE LIQUID FLOW

LBMOL/HR

0.72738

TOP STAGE VAPOR FLOW

LBMOL/HR

0.0

BOILUP VAPOR FLOW

LBMOL/HR

54.4808

46.5266

MOLAR REFLUX RATIO

1.50000

MOLAR BOILUP RATIO

63.9642

CONDENSER DUTY (W/O SUBCOOL)

BTU/HR

-1,393,830.

REBOILER DUTY

BTU/HR

1,263,620.

****

MAXIMUM FINAL RELATIVE ERRORS

****

DEW POINT

0.37012E-05

STAGE=

4

BUBBLE POINT

0.16308E-06

STAGE=

4

COMPONENT MASS BALANCE

0.17783E-06

STAGE=

3 COMP=DOCOS-01

ENERGY BALANCE

0.15391E-06

STAGE=

4

****

PROFILES

****
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**NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS
FROM THE STAGE INCLUDING ANY SIDE PRODUCT.

ENTHALPY
STAGE TEMPERATURE
F

PRESSURE

BTU/LBMOL

PSIA

LIQUID

VAPOR

1

-35.536

0.77347E-01

-90341.

-75275.

2

-25.668

0.11602

-89942.

-74991.

3

54.692

1.6160

-86605.

-72534.

4

369.82

3.1160

-53812.

-59564.

STAGE

HEAT DUTY
BTU/HR

-.13938+07

.12636+07

FLOW RATE

FEED RATE

PRODUCT RATE

LBMOL/HR

LBMOL/HR

LBMOL/HR

LIQUID

VAPOR

LIQUID

VAPOR

MIXED

LIQUID

VAPOR
1

90.80

0.000

2

42.91

90.80

3

10.21

79.23

4 0.7274

46.53

****

STAGE

36.3205

37.0479

MASS FLOW PROFILES

0.7273

****

FLOW RATE

FEED RATE

LB/HR
LIQUID

PRODUCT RATE

LB/HR
VAPOR

LIQUID

VAPOR

LB/HR
MIXED

LIQUID

VAPOR
1

7825.

0.000

2

3698.

7825.

3

887.7

6828.

4

236.0

4018.

3130.0000

3366.0000
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****
STAGE

HEXANE

MOLE-X-PROFILE

DOCOS-01

1

1.0000

0.11427E-27

2

1.0000

0.14154E-14

3

0.99670

0.32991E-02

4

0.16691E-01

0.98331

****
STAGE

HEXANE

MOLE-Y-PROFILE

1.0000

0.89750E-41

2

1.0000

0.11427E-27

3

1.0000

0.76657E-15

4

0.99928

0.72368E-03

****
HEXANE

K-VALUES

1.0000

0.78541E-13

2

1.0000

0.80735E-13

3

1.0033

0.23239E-12

4

59.867

0.73597E-03

****
HEXANE

MASS-X-PROFILE

1.0000

0.43559E-27

2

1.0000

0.53952E-14

3

0.98754

0.12460E-01

4

0.44334E-02

0.99557

****
HEXANE

****

DOCOS-01

1

STAGE

****

DOCOS-01

1

STAGE

****

DOCOS-01

1

STAGE

****

MASS-Y-PROFILE

DOCOS-01

1

1.0000

0.34211E-40

2

1.0000

0.43559E-27
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3

1.0000

0.29221E-14

4

0.99725

0.27530E-02

********************************
***** HYDRAULIC PARAMETERS *****
********************************

*** DEFINITIONS ***

MARANGONI INDEX = SIGMA - SIGMATO
FLOW PARAM = (ML/MV)*SQRT(RHOV/RHOL)
QR = QV*SQRT(RHOV/(RHOL-RHOV))
F FACTOR = QV*SQRT(RHOV)
WHERE:
SIGMA IS THE SURFACE TENSION OF LIQUID FROM THE STAGE
SIGMATO IS THE SURFACE TENSION OF LIQUID TO THE STAGE
ML IS THE MASS FLOW OF LIQUID FROM THE STAGE
MV IS THE MASS FLOW OF VAPOR TO THE STAGE
RHOL IS THE MASS DENSITY OF LIQUID FROM THE STAGE
RHOV IS THE MASS DENSITY OF VAPOR TO THE STAGE
QV IS THE VOLUMETRIC FLOW RATE OF VAPOR TO THE STAGE
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TEMPERATURE
F
STAGE

LIQUID FROM

VAPOR TO

1

-35.536

-25.668

2

-25.668

54.692

3

54.692

369.82

4

369.82

369.82

MASS FLOW

VOLUME FLOW

LB/HR
STAGE LIQUID FROM
TO

MOLECULAR WEIGHT

CUFT/HR
VAPOR TO

LIQUID FROM

VAPOR TO

LIQUID FROM

VAPOR

1

7825.0

7825.0

175.92

0.36422E+07

86.177

86.177

2

3698.1

6828.1

83.682

0.26872E+06

86.177

86.177

3

887.69

4017.7

21.188

0.13246E+06

86.977

86.353

4

236.00

0.0000

2.2027

DENSITY

0.0000

VISCOSITY

LB/CUFT
STAGE LIQUID FROM

324.45

SURFACE TENSION

CP

DYNE/CM

VAPOR TO

LIQUID FROM

VAPOR TO

LIQUID FROM

1

44.479

0.21484E-02

0.60901

0.51359E-02

24.381

2

44.193

0.25409E-01

0.56227

0.61800E-02

23.777

3

41.895

0.30330E-01

0.33757

0.10007E-01

19.028

4

107.14

MARANGONI INDEX
STAGE

1.2921

FLOW PARAM

QR

REDUCED F-FACTOR

CUFT/HR

(LB-CUFT)**.5/HR

0.69500E-02

25314.

0.16882E+06

DYNE/CM

1

30.619

2

-.60405

0.12987E-01

6445.5

42836.

3

-4.7483

0.59449E-02

3565.5

23069.

4

11.552

0.0000

0.0000
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************************************
***** TRAY SIZING CALCULATIONS *****
************************************

*******************
*** SECTION

1 ***

*******************

STARTING STAGE NUMBER

2

ENDING STAGE NUMBER

3

FLOODING CALCULATION METHOD

GLITSCH6

DESIGN PARAMETERS
----------------PEAK CAPACITY FACTOR

1.00000

SYSTEM FOAMING FACTOR

1.00000

FLOODING FACTOR

0.80000

MINIMUM COLUMN DIAMETER

FT

1.00000

MINIMUM DC AREA/COLUMN AREA

0.100000

HOLE AREA/ACTIVE AREA

0.100000

TRAY SPECIFICATIONS
------------------TRAY TYPE

SIEVE

NUMBER OF PASSES
TRAY SPACING

1
FT

C-10

2.00000

APPENDIX C: ASPEN FOR PRELIMINARY DISTILLATION COLUMN
***** SIZING RESULTS @ STAGE WITH MAXIMUM DIAMETER *****

STAGE WITH MAXIMUM DIAMETER

2

COLUMN DIAMETER

FT

3.17919

DC AREA/COLUMN AREA

0.100000

DOWNCOMER VELOCITY

FT/SEC

0.029282

FLOW PATH LENGTH

FT

2.18426

SIDE DOWNCOMER WIDTH

FT

0.49747

SIDE WEIR LENGTH

FT

2.31003

CENTER DOWNCOMER WIDTH

FT

0.0

CENTER WEIR LENGTH

FT

MISSING

OFF-CENTER DOWNCOMER WIDTH

FT

0.0

OFF-CENTER SHORT WEIR LENGTH

FT

MISSING

OFF-CENTER LONG WEIR LENGTH

FT

MISSING

TRAY CENTER TO OCDC CENTER

FT

0.0

**** SIZING PROFILES ****

STAGE

DIAMETER

TOTAL AREA

ACTIVE AREA

SIDE DC AREA

FT

SQFT

SQFT

2

3.1792

7.9382

6.3506

0.79382

3

3.1792

7.9382

6.3506

0.79382
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**** ADDITIONAL SIZING PROFILES ****

FLOODING
STAGE FACTOR

DC BACKUP/
PRES. DROP

DC BACKUP

PSI

FT

(TSPC+WHT)

2

0.8000

0.9125E-01

0.5778

0.2667

3

0.4270

0.4813E-01

0.4054

0.1871

HEIGHT
STAGE OVER WEIR

DC REL

TR LIQ REL

FRA APPR TO

FROTH DENS

FROTH DENS

SYS LIMIT

FT
2

0.6473E-01

0.6058

0.1945

0.4081

3

0.1894E-01

0.6041

0.2976

0.2358

ASPEN STREAM REPORT SUMMARY
CONDENSE FEED REBOILER
----------------------

STREAM ID

CONDENSE

FEED

REBOILER

FROM :

B1

----

B1

TO

----

B1

----

LIQUID

LIQUID

LIQUID

36.3205

36.3327

1.2141-02

4.1504-27

0.7152

0.7152

36.3205

37.0479

0.7274

3130.0000

3366.0000

236.0000

70.3699

80.2037

2.2027

:

SUBSTREAM: MIXED
PHASE:
COMPONENTS: LBMOL/HR
HEXANE
DOCOS-01
TOTAL FLOW:
LBMOL/HR
LB/HR
CUFT/HR
STATE VARIABLES:
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TEMP

F

PRES

PSIA

-35.5363

73.0000

369.8175

7.7347-02

36.8000

3.1160

VFRAC

0.0

0.0

0.0

LFRAC

1.0000

1.0000

1.0000

SFRAC

0.0

0.0

0.0

ENTHALPY:
BTU/LBMOL

-9.0341+04 -8.6110+04 -5.3812+04

BTU/LB

-1048.3214

BTU/HR

-3.2812+06 -3.1902+06 -3.9142+04

-947.7680

-165.8568

ENTROPY:
BTU/LBMOL-R
BTU/LB-R

-166.0861

-155.9387

-63.6527

-1.9273

-1.7163

-0.1962

0.5161

0.4619

0.3302

44.4792

41.9681

107.1434

86.1772

90.8553

324.4502

DENSITY:
LBMOL/CUFT
LB/CUFT
AVG MW

CONDENSE
--------

STREAM ID

CONDENSE

FROM :

B1

TO

----

:

SUBSTREAM: MIXED
PHASE:

LIQUID

COMPONENTS: LBMOL/HR
HEXANE
DOCOS-01

36.3205
4.1504-27

TOTAL FLOW:
LBMOL/HR
LB/HR

36.3205
3130.0000

C-13

APPENDIX C: ASPEN FOR PRELIMINARY DISTILLATION COLUMN
CUFT/HR

70.3699

STATE VARIABLES:
TEMP

F

PRES

PSIA

-35.5363
7.7347-02

VFRAC

0.0

LFRAC

1.0000

SFRAC

0.0

ENTHALPY:
BTU/LBMOL

-9.0341+04

BTU/LB

-1048.3214

BTU/HR

-3.2812+06

ENTROPY:
BTU/LBMOL-R
BTU/LB-R

-166.0861
-1.9273

DENSITY:
LBMOL/CUFT
LB/CUFT
AVG MW

0.5161
44.4792
86.1772

FEED
----

STREAM ID

FEED

FROM :

----

TO

B1

:

SUBSTREAM: MIXED
PHASE:

LIQUID

COMPONENTS: LBMOL/HR
HEXANE
DOCOS-01

36.3327
0.7152

TOTAL FLOW:
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LBMOL/HR
LB/HR

37.0479
3366.0000

CUFT/HR

80.2037

STATE VARIABLES:
TEMP

F

73.0000

PRES

PSIA

36.8000

VFRAC

0.0

LFRAC

1.0000

SFRAC

0.0

ENTHALPY:
BTU/LBMOL

-8.6110+04

BTU/LB

-947.7680

BTU/HR

-3.1902+06

ENTROPY:
BTU/LBMOL-R
BTU/LB-R

-155.9387
-1.7163

DENSITY:
LBMOL/CUFT
LB/CUFT
AVG MW

0.4619
41.9681
90.8553
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REBOILER
--------

STREAM ID

REBOILER

FROM :

B1

TO

----

:

SUBSTREAM: MIXED
PHASE:

LIQUID

COMPONENTS: LBMOL/HR
HEXANE

1.2141-02

DOCOS-01

0.7152

TOTAL FLOW:
LBMOL/HR
LB/HR

0.7274
236.0000

CUFT/HR

2.2027

STATE VARIABLES:
TEMP

F

PRES

PSIA

369.8175
3.1160

VFRAC

0.0

LFRAC

1.0000

SFRAC

0.0

ENTHALPY:
BTU/LBMOL

-5.3812+04

BTU/LB

-165.8568

BTU/HR

-3.9142+04

ENTROPY:
BTU/LBMOL-R
BTU/LB-R

-63.6527
-0.1962

DENSITY:
LBMOL/CUFT
LB/CUFT
AVG MW

0.3302
107.1434
324.4502
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Note on Vendor Sheets:
These unit processes whose prices were not available from the book. The prices are either from
the Dr. Bockrath’s books or online vendors.

The following vendor specification sheets are compiled:

SCHIEBEL COLUMN

SPRAY DRYER

D-1
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BEAD MILL

https://www.alibaba.com/product-detail/Sower-Grinding-Mills-For-Paint_429937267.html
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Packing Drums
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APPENDIX E: MATERIAL SAFETY DATA SHEETS (MSDS)

The following MSDS are compiled:
Acetic Acid
Schizochytrium sp. strain
Ammonium Acetate
Ammonium Hydroxide
Abscorbyl Palmitate (Antioxidant)
Carbon Dioxide
Corn Steep
Docosahexaenoic Acid (DHA)
Eicosapentaenoic Acid (EPA)
Glycerol
Hexane
Hydrochloric Acid
Methane
Sodium Acetate
Sodium Chloride
Sodium Hydroxide
Water
Yeast Extract
CIP-100 Detergent
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SAFETY DATA SHEET
SECTION 1 -

SUBSTANCE IDENTITY AND COMPANY INFORMATION

Product Name:
ATCC Catalog #:

Various Microbial Cultures at Biosafety Level 1 or 2 or 3
Various

COMPANY INFORMATION:

AMERICAN TYPE CULTURE COLLECTION
PO BOX 1549
MANASSAS, VA 20108

FOR INFORMATION CALL:
AFTER-HOURS CONTACT:
CHEMTREC EMERGENCY:

800-638-6597 or 703-365-2700
703-365-2710
800-424-9300 or 703-527-3887

SECTION 2 -

COMPOSITION/INFORMATION ON INGREDIENTS

Either freeze dried, frozen or growing cells shipped in liquid cell culture medium (a mixture of components that may
include, but is not limited to: inorganic salts, vitamins, amino acids, carbohydrates and other nutrients dissolved in water).
Frozen Cultures may also contain a 5%-10% solution of Dimethyl sulfoxide as a cryoprotectant.

SECTION 3 -

HMIS Rating:
NFPA Rating:

HAZARD IDENTIFICATION

N/A
N/A

This substance is not hazardous as defined by OSHA 29CFR 1910.1200 however this product should be handled
according to good lab practices, with proper personal protective equipment, proper engineering controls and within the
parameters of the purchaser’s safety program.
Health Hazards
ATCC recommends that all ATCC microbial cultures be handled by qualified microbiologists using appropriate safety
procedures and precautions. Detailed discussions of laboratory safety procedures are provided in Laboratory Safety:
Principles and Practice (Fleming et al) and in the U.S. Government Publication, Biosafety in Microbiological and
Biomedical Laboratories. This publication is available in its entirety in the Center for Disease Control Office of
Health and Safety’s web site at http://www.cdc.gov/biosafety/publications/bmbl5/index.htm .
Information on the classification of human etiologic agents on the basis of hazard can be found as Appendix B in the
NIH
Guidelines
for
Research
Involving
Recombinant
DNA
Molecules
at
http://grants.nih.gov/grants/policy/recombinentdnaguidelines.htm.
SECTION 4 -

FIRST AID MEASURES

Report to your Safety Office and Seek Medical Attention as Soon as Possible

American Type Culture Collection (ATCC®)
P.O. Box 1549
Manassas, VA 20110 USA
www.atcc.org

(800) 638-6597 or 703-365-2700

Fax: 703-365-2750
Doc ID: 8409
Effective Date: 08/13/2012
Revision: 4
Page 1 of 4

SAFETY DATA SHEET
Ingestion:

If person is unconscious seek emergency medical attention; never give anything by
mouth to an unconscious person.
If the person is conscious wash mouth out with water and call a physician then
administer three cups of water. Do not induce vomiting unless directed to do so by a
physician.

Inhalation:

If person is unconscious seek emergency medical attention, if person is conscious
remove to fresh air and call a physician.

Dermal exposure:

Immediately wash skin with water followed by washing with soap and water. Remove
all contaminated clothing.

Eye exposures:

Flush eyes with water for at least 15 minutes with eyelids separated and call a
physician.

SECTION 5 Flammability:
Suitable Extinguishing Media:
Firefighting
Protective Equipment:
Specific Hazard(s):

FIRE FIGHTING MEASURES
Data not available
Water spray, carbon dioxide, dry chemical powder, Halon (where regulations
permit), or appropriate foam.
Wear self-contained breathing apparatus and protective clothing to prevent
inhalation, ingestion, skin and eye contact.
Responders should take into consideration the biohazard risk associated with
responding to a fire in the area where the material may be stored or handled.

SECTION 6 ACCIDENTAL RELEASE MEASURES
Procedure(s) of Personal Precaution(s):
At a minimum use PPE listed in Section 8.
Wear laboratory coat, gloves and eye protection. Avoid all contact.
Methods for Cleaning Up
Patient/Victim:
Wash with soap and water. Work clothes should be laundered
separately. Launder contaminated clothing before re-use. Do not
take clothing home.
Equipment/Environment:
Allow aerosols to settle; wearing protective clothing, gently cover spill
with paper towel and apply 1% sodium hypochlorite, starting at
perimeter and working towards the center; allow sufficient contact
time before cleanup (30 min).
Note: The use of additional PPE may be necessary for cleaning solutions.
SECTION 7 -

HANDLING AND STORAGE

Handle and store according to instructions on product information sheet and label.
Special Requirements:
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SAFETY DATA SHEET
Follow established laboratory procedures when handling material.
SECTION 8 -

EXPOSURE CONTROLS/PERSONAL PROTECTION

Use Personal Protective Equipment: Including Eye Protection, Chemical Resistant Gloves, and appropriate
clothing to prevent skin exposure. In addition, a Respiratory protection
program that complies with OSHA 29 CFR 1910.134 and ANSI Z88.2
requirements or European Standard EN 149 must be followed whenever
workplace conditions warrant respirator use.
Engineering Controls:

The use and storage of this material requires user to maintain and make
available appropriate eyewash and safety shower facilities. Use appropriate
ventilation method to keep airborne concentrations a low as possible.

Exposure Limits:

No exposure limits for this material have been established by ACGIH,
NIOSH, or OSHA.

SECTION 9 -

PHYSICAL AND CHEMICAL PROPERTIES

Data Not Available
SECTION 10 -

STABILITY AND REACTIVITY

Hazardous polymerization will not occur.
SECTION 11 -

TOXICOLOGICAL INFORMATION

Route of Exposure
Eye Contact:
Skin Contact:
Skin Absorption:
Inhalation:
Ingestion:
Parenteral Exposure:

Data not available.
Data not available.
Data not available.
Data not available.
Data not available.
Data not available.

Sensitization
Skin:
Respiratory:

Data not available
Data not available

Target Organ(s) or System(s):
Signs and Symptoms of Exposure
Skin and Mucous Membranes:
Respiratory:
Gastrointestinal:

Data not available
Data not available
Data not available
Data not available

American Type Culture Collection (ATCC®)
P.O. Box 1549
Manassas, VA 20110 USA
www.atcc.org

(800) 638-6597 or 703-365-2700
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SAFETY DATA SHEET
Toxicity Data:
Effects of Long Term
or Repeated Exposure:
Chronic Exposure–Teratogen:
Chronic Exposure–Mutagen:
Chronic Exposure–Reproductive Hazard:
SECTION 12 -

Data not available
Data not available
Data not available
Data not available
Data not available

ECOLOGICAL INFORMATION

No ecological information available.
SECTION 13 -

DISPOSAL CONSIDERATIONS

Decontaminate all wastes before disposal (steam sterilization, chemical disinfection, and/or incineration).
Dispose of in accordance with applicable regulations.
SECTION 14 -

TRANSPORT INFORMATION

Contact ATCC for transport information.
SECTION 15 -

REGULATORY INFORMATION

Contact ATCC for regulatory information.

SECTION 16 -

OTHER INFORMATION

DATE REVISED: JUNE 1, 2016
THE INFORMATION PRESENTED IN THIS DOCUMENT IS BELIEVED TO BE CORRECT BASED UPON DATA
AVAILABLE TO ATCC. USERS SHOULD MAKE AN INDEPENDENT DECISION REGARDING THE ACCURACY OF
THIS INFORMATION BASED ON THEIR NEEDS AND DATA AVAILABLE TO THEM. ALL SUBSTANCES AND
MIXTURES MAY PRESENT UNKNOWN HAZARDS AND ALL NECESSARY SAFETY PRECAUTIONS SHOULD BE
TAKEN. ATCC ASSUMES NO LIABILITY RESULTING FROM USING OR COMING IN CONTACT WITH THIS
SUBSTANCE.

American Type Culture Collection (ATCC®)
P.O. Box 1549
Manassas, VA 20110 USA
www.atcc.org

(800) 638-6597 or 703-365-2700

Fax: 703-365-2750
Doc ID: 8409
Effective Date: 08/13/2012
Revision: 4
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Material Safety Data Sheet
Acetic acid MSDS
Section 1: Chemical Product and Company Identification
Product Name: Acetic acid

Contact Information:

Catalog Codes: SLA3784, SLA1438, SLA2101, SLA3604,

SLA1258
CAS#: 64-19-7

Sciencelab.com, Inc.
14025 Smith Rd.
Houston, Texas 77396

RTECS: AF1225000

US Sales: 1-800-901-7247
International Sales: 1-281-441-4400

TSCA: TSCA 8(b) inventory: Acetic acid

Order Online: ScienceLab.com
CHEMTREC (24HR Emergency Telephone), call:
1-800-424-9300

CI#: Not applicable.
Synonym: Acetic acid; glacial acetic acid

International CHEMTREC, call: 1-703-527-3887

Chemical Name: Acetic Acid, Glacial

For non-emergency assistance, call: 1-281-441-4400

Chemical Formula: C2-H4-O2

Section 2: Composition and Information on Ingredients
Composition:
Name

CAS #

% by Weight

Acetic acid

64-19-7

100

Toxicological Data on Ingredients: Acetic acid: ORAL (LD50): Acute: 3310 mg/kg [Rat]. 4960 mg/kg [Mouse]. 3530
mg/kg [Rat]. DERMAL (LD50): Acute: 1060 mg/kg [Rabbit]. VAPOR (LC50): Acute: 5620 ppm 1 hours [Mouse].

Section 3: Hazards Identification
Potential Acute Health Effects:
Very hazardous in case of skin contact (irritant), of eye contact (irritant), of ingestion, of inhalation. Hazardous in case of skin
contact (corrosive, permeator), of eye contact (corrosive). Liquid or spray mist may produce tissue damage particularly on
mucous membranes of eyes, mouth and respiratory tract. Skin contact may produce burns. Inhalation of the spray mist may
produce severe irritation of respiratory tract, characterized by coughing, choking, or shortness of breath. Inflammation of the
eye is characterized by redness, watering, and itching. Skin inflammation is characterized by itching, scaling, reddening, or,
occasionally, blistering.
Potential Chronic Health Effects:
Hazardous in case of skin contact (irritant), of ingestion, of inhalation. CARCINOGENIC EFFECTS: Not available. MUTAGENIC
EFFECTS: Mutagenic for mammalian somatic cells. Mutagenic for bacteria and/or yeast. TERATOGENIC EFFECTS: Not
available. DEVELOPMENTAL TOXICITY: Not available. The substance may be toxic to kidneys, mucous membranes, skin,
teeth. Repeated or prolonged exposure to the substance can produce target organs damage. Repeated
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or prolonged contact with spray mist may produce chronic eye irritation and severe skin irritation. Repeated or prolonged
exposure to spray mist may produce respiratory tract irritation leading to frequent attacks of bronchial infection.

Section 4: First Aid Measures
Eye Contact:
Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least
15 minutes. Cold water may be used. Get medical attention immediately.
Skin Contact:
In case of contact, immediately flush skin with plenty of water for at least 15 minutes while removing contaminated clothing
and shoes. Cover the irritated skin with an emollient. Cold water may be used.Wash clothing before reuse. Thoroughly
clean shoes before reuse. Get medical attention immediately.
Serious Skin Contact:
Wash with a disinfectant soap and cover the contaminated skin with an anti-bacterial cream. Seek immediate medical
attention.
Inhalation:
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get
medical attention immediately.
Serious Inhalation:
Evacuate the victim to a safe area as soon as possible. Loosen tight clothing such as a collar, tie, belt or waistband. If
breathing is difficult, administer oxygen. If the victim is not breathing, perform mouth-to-mouth resuscitation. WARNING: It may
be hazardous to the person providing aid to give mouth-to-mouth resuscitation when the inhaled material is toxic, infectious or
corrosive. Seek immediate medical attention.
Ingestion:
Do NOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an unconscious
person. Loosen tight clothing such as a collar, tie, belt or waistband. Get medical attention if symptoms appear.
Serious Ingestion: Not available.

Section 5: Fire and Explosion Data
Flammability of the Product: Flammable.
Auto-Ignition Temperature: 463°C (865.4°F)
Flash Points: CLOSED CUP: 39°C (102.2°F). OPEN CUP: 43°C (109.4°F).
Flammable Limits: LOWER: 4% UPPER: 19.9%
Products of Combustion: These products are carbon oxides (CO, CO2).
Fire Hazards in Presence of Various Substances:
Flammable in presence of open flames and sparks, of heat. Slightly flammable to flammable in presence of
oxidizing materials, of metals.
Explosion Hazards in Presence of Various Substances:
Risks of explosion of the product in presence of mechanical impact: Not available. Risks of explosion of the product in
presence of static discharge: Not available. Slightly explosive in presence of oxidizing materials.
Fire Fighting Media and Instructions:
Flammable liquid, soluble or dispersed in water. SMALL FIRE: Use DRY chemical powder. LARGE FIRE: Use alcohol foam,
water spray or fog. Cool containing vessels with water jet in order to prevent pressure build-up, autoignition or explosion.
Special Remarks on Fire Hazards:
Reacts with metals to produces flammable hydrogen gas. It will ignite on contact with potassium-tert-butoxide. A mixture
of ammonium nitrate and acetic acid ignites when warmed, especially if warmed.
Special Remarks on Explosion Hazards:
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Acetic acid vapors may form explosive mixtures with air. Reactions between acetic acid and the following materials
are potentially explosive: 5-azidotetrazole, bromine pentafluoride, chromium trioxide, hydrogen peroxide, potassium
permanganate, sodium peroxide, and phorphorus trichloride. Dilute acetic acid and dilute hydrogen can undergo an
exothermic reaction if heated, forming peracetic acid which is explosive at 110 degrees C. Reaction between
chlorine trifluoride and acetic acid is very violent, sometimes explosive.

Section 6: Accidental Release Measures
Small Spill:
Dilute with water and mop up, or absorb with an inert dry material and place in an appropriate waste disposal container. If
necessary: Neutralize the residue with a dilute solution of sodium carbonate.
Large Spill:
Flammable liquid. Corrosive liquid. Keep away from heat. Keep away from sources of ignition. Stop leak if without risk. If the
product is in its solid form: Use a shovel to put the material into a convenient waste disposal container. If the product is in its
liquid form: Absorb with DRY earth, sand or other non-combustible material. Do not get water inside container. Absorb with
an inert material and put the spilled material in an appropriate waste disposal. Do not touch spilled material. Use water spray
curtain to divert vapor drift. Prevent entry into sewers, basements or confined areas; dike if needed. Call for assistance on
disposal. Neutralize the residue with a dilute solution of sodium carbonate. Be careful that the product is not present at a
concentration level above TLV. Check TLV on the MSDS and with local authorities.

Section 7: Handling and Storage
Precautions:
\Keep away from heat. Keep away from sources of ignition. Ground all equipment containing material. Do not ingest. Do not
breathe gas/fumes/ vapor/spray. Never add water to this product. In case of insufficient ventilation, wear suitable
respiratory equipment. If ingested, seek medical advice immediately and show the container or the label. Avoid contact with
skin and eyes. Keep away from incompatibles such as oxidizing agents, reducing agents, metals, acids, alkalis.
Storage:
Store in a segregated and approved area. Keep container in a cool, well-ventilated area. Keep container tightly closed and
sealed until ready for use. Avoid all possible sources of ignition (spark or flame).

Section 8: Exposure Controls/Personal Protection
Engineering Controls:
Provide exhaust ventilation or other engineering controls to keep the airborne concentrations of vapors below their
respective threshold limit value. Ensure that eyewash stations and safety showers are proximal to the work-station location.
Personal Protection:
Splash goggles. Synthetic apron. Vapor respirator. Be sure to use an approved/certified respirator or equivalent. Gloves
(impervious).
Personal Protection in Case of a Large Spill:
Splash goggles. Full suit. Vapor respirator. Boots. Gloves. A self contained breathing apparatus should be used to avoid
inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling this
product.
Exposure Limits:
TWA: 10 STEL: 15 (ppm) [Australia] TWA: 25 STEL: 27 (mg/m3) [Australia] TWA: 10 STEL: 15 (ppm) from NIOSH TWA: 25
STEL: 37 (mg/m3) from NIOSH TWA: 10 STEL: 15 (ppm) [Canada] TWA: 26 STEL: 39 (mg/m3) [Canada] TWA: 25 STEL: 37
(mg/m3) TWA: 10 STEL: 15 (ppm) from ACGIH (TLV) [United States] [1999] TWA: 10 (ppm) from OSHA (PEL) [United States]
TWA: 25 (mg/m3) from OSHA (PEL) [United States]Consult local authorities for acceptable exposure limits.

Section 9: Physical and Chemical Properties
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Physical state and appearance: Liquid.
Odor: Pungent, vinegar-like, sour (Strong.)
Taste: Vinegar, sour (Strong.)
Molecular Weight: 60.05 g/mole
Color: Colorless. Clear (Light.)
pH (1% soln/water): 2 [Acidic.]
Boiling Point: 118.1°C (244.6°F)
Melting Point: 16.6°C (61.9°F)
Critical Temperature: 321.67°C (611°F)
Specific Gravity: 1.049 (Water = 1)
Vapor Pressure: 1.5 kPa (@ 20°C)
Vapor Density: 2.07 (Air = 1)
Volatility: Not available.
Odor Threshold: 0.48 ppm
Water/Oil Dist. Coeff.: The product is more soluble in water; log(oil/water) = -0.2
Ionicity (in Water): Not available.
Dispersion Properties: See solubility in water, diethyl ether, acetone.
Solubility:
Easily soluble in cold water, hot water. Soluble in diethyl ether, acetone. Miscible with Glycerol, alcohol, Benzene, Carbon
Tetrachloride. Practically insoluble in Carbon Disulfide.

Section 10: Stability and Reactivity Data
Stability: The product is stable.
Instability Temperature: Not available.
Conditions of Instability: Heat, ignition sources, incompatible materials
Incompatibility with various substances: Reactive with oxidizing agents, reducing agents, metals, acids, alkalis.
Corrosivity:
Highly corrosive in presence of stainless steel(304). Slightly corrosive in presence of aluminum, of copper. Non-corrosive
in presence of stainless steel(316).
Special Remarks on Reactivity:
Reacts violently with strong oxidizing agents, acetaldehyde, and acetic anhydride. Material can react with metals, strong
bases, amines, carbonates, hydroxides, phosphates, many oxides,cyanides, sulfides, chromic acid, nitric acid, hydrogen
peroxide, carbonates. ammonium nitrate, ammonium thiosulfate, chlorine trifluoride, chlorosulfonic acid, perchloric acid,
permanganates, xylene, oleum, potassium hydroxide, sodium hydroxide, phosphorus isocyanate, ethylenediamine,
ethylene imine.
Special Remarks on Corrosivity: Moderate corrosive effect on bronze. No corrosion data on brass
Polymerization: Will not occur.

Section 11: Toxicological Information
Routes of Entry: Absorbed through skin. Dermal contact. Eye contact. Inhalation. Ingestion.
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Toxicity to Animals:
WARNING: THE LC50 VALUES HEREUNDER ARE ESTIMATED ON THE BASIS OF A 4-HOUR EXPOSURE. Acute oral
toxicity (LD50): 3310 mg/kg [Rat]. Acute dermal toxicity (LD50): 1060 mg/kg [Rabbit]. Acute toxicity of the vapor (LC50):
5620 1 hours [Mouse].
Chronic Effects on Humans:
MUTAGENIC EFFECTS: Mutagenic for mammalian somatic cells. Mutagenic for bacteria and/or yeast. May cause damage
to the following organs: kidneys, mucous membranes, skin, teeth.
Other Toxic Effects on Humans:
Extremely hazardous in case of inhalation (lung corrosive). Very hazardous in case of skin contact (irritant), of ingestion, .
Hazardous in case of skin contact (corrosive, permeator), of eye contact (corrosive).
Special Remarks on Toxicity to Animals: Not available.
Special Remarks on Chronic Effects on Humans: May affect genetic material and may cause reproductive effects based
on animal data. No human data found.
Special Remarks on other Toxic Effects on Humans:
Acute Potential Health Effects: Skin: Extremely irritating and corrosive. Causes skin irritation (reddening and itching,
inflammation). May cause blistering , tissue damage and burns. Eyes: Extremely irritating and corrosive. Causes eye irritation,
lacrimation, redness, and pain. May cause burns, blurred vision, conjunctivitis, conjunctival and corneal destruction and
permanent injury. Inhalation: Causes severe respiratory tract irritation. Affects the sense organs (nose, ear, eye, taste),
and blood. May cause chemical pneumonitis, bronchitis, and pulmonary edema. Severe exposure may result in lung tissue
damage and corrosion (ulceration) of the mucous membranes. Inhalation may also cause rhinitis, sneezing, coughing,
oppressive feeling in the chest or chest pain, dyspnea, wheezing, tachypnea, cyanosis, salivation, nausea, giddiness,
muscular weakness. Ingestion: Moderately toxic. Corrosive. Causes gastrointestinal tract irritation (burning and pain of the
mouth, throat, and abdomen, coughing, ulceration, bleeding, nausea, abdomial spasms, vomiting, hematemesis, diarrhea.
May Also affect the liver (impaired liver function), behavior (convulsions, giddines, muscular weakness), and the urinary
system - kidneys (Hematuria, Albuminuria, Nephrosis, acute renal failure, acute tubular necrosis). May also cause dyspnea
or asphyxia. May also lead to shock, coma and death. Chronic Potential Health Effects: Chronic exposure via ingestion may
cause blackening or erosion of the teeth and jaw necrosis, pharyngitis, and gastritis. It may also behavior (similar to acute
ingestion), and metabolism (weight loss). Chronic exposure via inhalation may cause asthma and/or bronchitis with cough,
phlegm, and/or shortness of breath . It may also affect the blood (decreased leukocyte count), and urinary system (kidneys).
Repeated or prolonged skin contact may cause thickening, blackening, and cracking of the skin.

Section 12: Ecological Information
Ecotoxicity:
Ecotoxicity in water (LC50): 423 mg/l 24 hours [Fish (Goldfish)]. 88 ppm 96 hours [Fish (fathead minnow)]. 75 ppm 96
hours [Fish (bluegill sunfish)]. >100 ppm 96 hours [Daphnia].
BOD5 and COD: BOD-5: 0.34-0.88 g oxygen/g
Products of Biodegradation:
Possibly hazardous short term degradation products are not likely. However, long term degradation products may arise.
Toxicity of the Products of Biodegradation: The products of degradation are less toxic than the product itself.
Special Remarks on the Products of Biodegradation: Not available.

Section 13: Disposal Considerations
Waste Disposal:
Waste must be disposed of in accordance with federal, state and local environmental control regulations.

Section 14: Transport Information
DOT Classification:
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CLASS 3: Flammable liquid. Class 8: Corrosive material
Identification: : Acetic Acid, Glacial UNNA: 2789 PG: II
Special Provisions for Transport: Not available.

Section 15: Other Regulatory Information
Federal and State Regulations:
New York release reporting list: Acetic acid Rhode Island RTK hazardous substances: Acetic acid Pennsylvania RTK: Acetic
acid Florida: Acetic acid Minnesota: Acetic acid Massachusetts RTK: Acetic acid New Jersey: Acetic acid California Director's
List of Hazardous Subtances (8 CCR 339): Acetic acid TSCA 8(b) inventory: Acetic acid CERCLA: Hazardous substances.:
Acetic acid: 5000 lbs. (2268 kg)
Other Regulations:
OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200). EINECS: This product is on
the European Inventory of Existing Commercial Chemical Substances.
Other Classifications:
WHMIS (Canada):
CLASS B-3: Combustible liquid with a flash point between 37.8°C (100°F) and 93.3°C (200°F). CLASS E: Corrosive liquid.
DSCL (EEC):
R10- Flammable. R35- Causes severe burns. S23- Do not breathe gas/fumes/vapour/spray [***] S26- In case of contact
with eyes, rinse immediately with plenty of water and seek medical advice. S45- In case of accident or if you feel unwell,
seek medical advice immediately (show the label where possible).
HMIS (U.S.A.):
Health Hazard: 3
Fire Hazard: 2
Reactivity: 0
Personal Protection: H
National Fire Protection Association (U.S.A.):
Health: 3
Flammability: 2
Reactivity: 0
Specific hazard:
Protective Equipment:
Gloves (impervious). Synthetic apron. Vapor respirator. Be sure to use an approved/certified respirator or equivalent. Wear
appropriate respirator when ventilation is inadequate. Splash goggles.

Section 16: Other Information
References: Not available.
Other Special Considerations: Not available.
Created: 10/09/2005 03:35 PM
Last Updated: 05/21/2013 12:00 PM
The information above is believed to be accurate and represents the best information currently available to us. However, we make no
warranty of merchantability or any other warranty, express or implied, with respect to such information, and we assume
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no liability resulting from its use. Users should make their own investigations to determine the suitability of the information for
their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any third party or
for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if
ScienceLab.com has been advised of the possibility of such damages.
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Material Safety Data Sheet
Ammonium acetate MSDS
Section 1: Chemical Product and Company Identification
Product Name: Ammonium acetate

Contact Information:
Sciencelab.com, Inc.
14025 Smith Rd.
Houston, Texas 77396

Catalog Codes: SLA1300, SLA2806, SLA1966
CAS#: 631-61-8

US Sales: 1-800-901-7247
International Sales: 1-281-441-4400

RTECS: AF3675000
TSCA: TSCA 8(b) inventory: Ammonium acetate

Order Online: ScienceLab.com

CI#: Not available.
Synonym: Acetic acid, ammonium salt

CHEMTREC (24HR Emergency Telephone), call:
1-800-424-9300

Chemical Name: Ammonium Acetate

International CHEMTREC, call: 1-703-527-3887

Chemical Formula: CH3COONH4 or C2H4O2.NH3
or C2H7NO2

For non-emergency assistance, call: 1-281-441-4400

Section 2: Composition and Information on Ingredients
Composition:
Name

CAS #

% by Weight

Ammonium acetate

631-61-8

100

Toxicological Data on Ingredients: Ammonium acetate LD50: Not available. LC50: Not available.

Section 3: Hazards Identification
Potential Acute Health Effects:
Hazardous in case of eye contact (irritant), of ingestion. Slightly hazardous in case of skin contact (irritant), of inhalation.
Potential Chronic Health Effects:
CARCINOGENIC EFFECTS: Not available. MUTAGENIC EFFECTS: Not available. TERATOGENIC EFFECTS: Not available.
DEVELOPMENTAL TOXICITY: Not available. The substance may be toxic to lungs, upper respiratory tract. Repeated or
prolonged exposure to the substance can produce target organs damage.

Section 4: First Aid Measures
Eye Contact:
Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least
15 minutes. Cold water may be used. Get medical attention.
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Skin Contact:
Wash with soap and water. Cover the irritated skin with an emollient. Get medical attention if irritation develops. Cold
water may be used.
Serious Skin Contact: Not available.
Inhalation:
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get
medical attention.
Serious Inhalation: Not available.
Ingestion:
Do NOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an unconscious
person. If large quantities of this material are swallowed, call a physician immediately. Loosen tight clothing such as a collar,
tie, belt or waistband.
Serious Ingestion: Not available.

Section 5: Fire and Explosion Data
Flammability of the Product: May be combustible at high temperature.
Auto-Ignition Temperature: Not available.
Flash Points: Not available.
Flammable Limits: Not available.
Products of Combustion: These products are carbon oxides (CO, CO2), nitrogen oxides (NO, NO2...).
Fire Hazards in Presence of Various Substances:
Slightly flammable to flammable in presence of open flames and sparks, of heat. Non-flammable in presence of shocks.
Explosion Hazards in Presence of Various Substances:
Risks of explosion of the product in presence of mechanical impact: Not available. Risks of explosion of the product in
presence of static discharge: Not available.
Fire Fighting Media and Instructions:
SMALL FIRE: Use DRY chemical powder. LARGE FIRE: Use water spray, fog or foam. Do not use water jet.
Special Remarks on Fire Hazards: Not available.
Special Remarks on Explosion Hazards: Not available.

Section 6: Accidental Release Measures
Small Spill:
Use appropriate tools to put the spilled solid in a convenient waste disposal container. Finish cleaning by spreading water on
the contaminated surface and dispose of according to local and regional authority requirements.
Large Spill:
Use a shovel to put the material into a convenient waste disposal container. Finish cleaning by spreading water on
the contaminated surface and allow to evacuate through the sanitary system.

Section 7: Handling and Storage
Precautions:
Keep away from heat. Keep away from sources of ignition. Ground all equipment containing material. Do not breathe dust.
Avoid contact with eyes. Wear suitable protective clothing. If you feel unwell, seek medical attention and show the label
when possible. Keep away from incompatibles such as oxidizing agents, acids.
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Storage: Keep container tightly closed. Keep container in a cool, well-ventilated area.

Section 8: Exposure Controls/Personal Protection
Engineering Controls:
Use process enclosures, local exhaust ventilation, or other engineering controls to keep airborne levels below
recommended exposure limits. If user operations generate dust, fume or mist, use ventilation to keep exposure to airborne
contaminants below the exposure limit.
Personal Protection:
Splash goggles. Lab coat. Dust respirator. Be sure to use an approved/certified respirator or equivalent. Gloves.
Personal Protection in Case of a Large Spill:
Splash goggles. Full suit. Dust respirator. Boots. Gloves. A self contained breathing apparatus should be used to avoid
inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling this
product.
Exposure Limits: Not available.

Section 9: Physical and Chemical Properties
Physical state and appearance: Solid. ( Deliquescent crystals solid.)
Odor: Acetous (Slight.)
Taste: Not available.
Molecular Weight: 77.08 g/mole
Color: White.
pH (1% soln/water): Not available.
Boiling Point: Not available.
Melting Point: 114°C (237.2°F)
Critical Temperature: Not available.
Specific Gravity: 1.073 [Merck Index]; 1.17 [Handbook of Chemistry and Physcis] (Water = 1)
Vapor Pressure: Not applicable.
Vapor Density: Not available.
Volatility: Not available.
Odor Threshold: Not available.
Water/Oil Dist. Coeff.: Not available.
Ionicity (in Water): Not available.
Dispersion Properties: See solubility in water, methanol, acetone.
Solubility:
Easily soluble in cold water. Partially soluble in methanol, acetone. Freely soluble in alcohol.

Section 10: Stability and Reactivity Data
Stability: The product is stable.
Instability Temperature: Not available.
p. 3

Conditions of Instability: Excess heat, incompatible materials
Incompatibility with various substances: Reactive with oxidizing agents, acids.
Corrosivity: Non-corrosive in presence of glass.
Special Remarks on Reactivity:
Deliquescent; Tends to lose ammonia. Incompatible with strong oxidizers such as sodium hyporchlorite, peroxides,
potassium chlorate, sodium nitrite.
Special Remarks on Corrosivity: Not available.
Polymerization: Will not occur.

Section 11: Toxicological Information
Routes of Entry: Inhalation. Ingestion.
Toxicity to Animals:
LD50: Not available. LC50: Not available.
Chronic Effects on Humans: May cause damage to the following organs: lungs, upper respiratory tract.
Other Toxic Effects on Humans:
Hazardous in case of ingestion. Slightly hazardous in case of skin contact (irritant), of inhalation.
Special Remarks on Toxicity to Animals:
LD50 [Rat] - Route: Intraperitoneal; Dose: 632/mg/kg. LDL [Mouse] - Route: Intravenous; Dose: 386 mg/kg
Special Remarks on Chronic Effects on Humans: Not available.
Special Remarks on other Toxic Effects on Humans:
Acute Potential Health Effects: Skin: Causes skin irritation. Eyes: Causes eye irritation. Ingestion: May cause irritation of the
gastrointestinal tract with generalized discomfort, diarrhea, nausea, vomiting abdominal pain. With ingestion of larges doses of
ammonium acetate, there arises the possibility of sufficient absorption to produce diuresis and systemic ammonia poisoning. May
also affect behavior/central nervous system(tremor, anxiety, impairment of motor performance or recognition, flaccidity
of facial muscles) and respiratory system (dyspnea). Inhalation: Dust can irritate the respiratory tract (nose, throat, lungs)
with symptoms of coughing , wheezing,and/or shortness of breath. Chronic Potential Health Effects: Ingestion: May cause
some liver dysfunction, and may affect the brain, behavior/central nervous system with symptoms similar to that of acute
ingestion. Inhalation: Repeated exposure can irritate the lungs. It may also cause bronchitis to develop with cough, phlegm,
and/or shortness of breath.

Section 12: Ecological Information
Ecotoxicity: Not available.
BOD5 and COD: Not available.
Products of Biodegradation:
Possibly hazardous short term degradation products are not likely. However, long term degradation products may arise.
Toxicity of the Products of Biodegradation: The product itself and its products of degradation are not toxic.
Special Remarks on the Products of Biodegradation: Not available.

Section 13: Disposal Considerations
Waste Disposal:
Waste must be disposed of in accordance with federal, state and local environmental control regulations.
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Section 14: Transport Information
DOT Classification: Not a DOT controlled material (United States).
Identification: Not applicable.
Special Provisions for Transport: Not applicable.

Section 15: Other Regulatory Information
Federal and State Regulations:
Connecticut hazardous material survey.: Ammonium acetate Illinois chemical safety act: Ammonium acetate New York
release reporting list: Ammonium acetate Pennsylvania RTK: Ammonium acetate Massachusetts RTK: Ammonium acetate
Massachusetts spill list: Ammonium acetate New Jersey: Ammonium acetate New Jersey spill list: Ammonium acetate
Louisiana spill reporting: Ammonium acetate California Director's List of Hazardous Substances: Ammonium acetate TSCA
8(b) inventory: Ammonium acetate CERCLA: Hazardous substances.: Ammonium acetate: 5000 lbs. (2268 kg)
Other Regulations: EINECS: This product is on the European Inventory of Existing Commercial Chemical Substances.
Other Classifications:
WHMIS (Canada): Not controlled under WHMIS (Canada).
DSCL (EEC):
R36- Irritating to eyes. S24/25- Avoid contact with skin and eyes. S36/37/39- Wear suitable protective clothing, gloves
and eye/face protection.
HMIS (U.S.A.):
Health Hazard: 2
Fire Hazard: 1
Reactivity: 0
Personal Protection: E
National Fire Protection Association (U.S.A.):
Health: 2
Flammability: 1
Reactivity: 0
Specific hazard:
Protective Equipment:
Gloves. Lab coat. Dust respirator. Be sure to use an approved/certified respirator or equivalent. Splash goggles.

Section 16: Other Information
References: Not available.
Other Special Considerations: Not available.
Created: 10/10/2005 08:13 PM
Last Updated: 05/21/2013 12:00 PM
The information above is believed to be accurate and represents the best information currently available to us. However, we make no
warranty of merchantability or any other warranty, express or implied, with respect to such information, and we assume no liability
resulting from its use. Users should make their own investigations to determine the suitability of the information for their particular
purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any third party or for
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lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if
ScienceLab.com has been advised of the possibility of such damages.
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Material Safety Data Sheet
Ammonium hydroxide MSDS
Section 1: Chemical Product and Company Identification
Product Name: Ammonium hydroxide

Contact Information:
Sciencelab.com, Inc.
14025 Smith Rd.
Houston, Texas 77396

Catalog Codes: SLA3667, SLA3490, SLA1144
CAS#: 1336-21-6

US Sales: 1-800-901-7247
International Sales: 1-281-441-4400

RTECS: BQ9625000
TSCA: TSCA 8(b) inventory: Ammonium hydroxide

Order Online: ScienceLab.com

CI#: Not applicable.
Synonym: Aqueous Ammonia; Strong Ammonia Solution;
Stronger Ammonia Water
Chemical Name: Not applicable.

CHEMTREC (24HR Emergency Telephone), call:
1-800-424-9300
International CHEMTREC, call: 1-703-527-3887
For non-emergency assistance, call: 1-281-441-4400

Chemical Formula: Not applicable.

Section 2: Composition and Information on Ingredients
Composition:
Name

CAS #

% by Weight

Ammonia, anhydrous

7664-41-7

27-31

Water

7732-18-5

69-73

Toxicological Data on Ingredients: Ammonia, anhydrous: GAS (LC50): Acute: 2000 ppm 4 hours [Rat]. 4230 ppm 1
hours [Mouse].

Section 3: Hazards Identification
Potential Acute Health Effects:
Very hazardous in case of skin contact (corrosive, irritant, permeator), of eye contact (irritant), of ingestion, . Non-corrosive
to the eyes. Non-corrosive for lungs. Liquid or spray mist may produce tissue damage particularly on mucous membranes of
eyes, mouth and respiratory tract. Skin contact may produce burns. Inhalation of the spray mist may produce severe
irritation of respiratory tract, characterized by coughing, choking, or shortness of breath. Severe over-exposure can result in
death. Inflammation of the eye is characterized by redness, watering, and itching. Skin inflammation is characterized by
itching, scaling, reddening, or, occasionally, blistering.
Potential Chronic Health Effects:
CARCINOGENIC EFFECTS: Not available. MUTAGENIC EFFECTS: Mutagenic for bacteria and/or yeast. [Ammonia, anhydrous].
TERATOGENIC EFFECTS: Not available. DEVELOPMENTAL TOXICITY: Not available. The substance is toxic
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to upper respiratory tract, skin, eyes. Repeated or prolonged exposure to the substance can produce target organs damage.
Repeated or prolonged contact with spray mist may produce chronic eye irritation and severe skin irritation. Repeated or
prolonged exposure to spray mist may produce respiratory tract irritation leading to frequent attacks of bronchial infection.
Repeated exposure to a highly toxic material may produce general deterioration of health by an accumulation in one or
many human organs.

Section 4: First Aid Measures
Eye Contact:
Check for and remove any contact lenses. Immediately flush eyes with running water for at least 15 minutes, keeping eyelids
open. Cold water may be used. Get medical attention immediately. Finish by rinsing thoroughly with running water to avoid a
possible infection.
Skin Contact:
In case of contact, immediately flush skin with plenty of water for at least 15 minutes while removing contaminated clothing
and shoes. Cover the irritated skin with an emollient. Cold water may be used.Wash clothing before reuse. Thoroughly
clean shoes before reuse. Get medical attention immediately.
Serious Skin Contact:
Wash with a disinfectant soap and cover the contaminated skin with an anti-bacterial cream. Seek immediate medical
attention.
Inhalation:
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get
medical attention immediately.
Serious Inhalation:
Evacuate the victim to a safe area as soon as possible. Loosen tight clothing such as a collar, tie, belt or waistband. If
breathing is difficult, administer oxygen. If the victim is not breathing, perform mouth-to-mouth resuscitation. WARNING: It may
be hazardous to the person providing aid to give mouth-to-mouth resuscitation when the inhaled material is toxic, infectious or
corrosive. Seek medical attention.
Ingestion:
If swallowed, do not induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an
unconscious person. Loosen tight clothing such as a collar, tie, belt or waistband. Get medical attention immediately.
Serious Ingestion: Not available.

Section 5: Fire and Explosion Data
Flammability of the Product: Non-flammable.
Auto-Ignition Temperature: Not applicable.
Flash Points: Not applicable.
Flammable Limits: Not applicable.
Products of Combustion: Hazardous decomposition include Nitric oxide, and ammonia fumes
Fire Hazards in Presence of Various Substances: Not applicable.
Explosion Hazards in Presence of Various Substances: Non-explosive in presence of open flames and sparks, of shocks.
Fire Fighting Media and Instructions: Not applicable.
Special Remarks on Fire Hazards: Not available.
Special Remarks on Explosion Hazards:
Forms explosive compounds with many heavy metals such as silver, lead, zinc and their halide salts. It can form
shock sensitive compounds with halogens, mercury oxide, and siliver oxide.
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Section 6: Accidental Release Measures
Small Spill:
Dilute with water and mop up, or absorb with an inert dry material and place in an appropriate waste disposal container. If
necessary: Neutralize the residue with a dilute solution of acetic acid.
Large Spill:
Corrosive liquid. Poisonous liquid. Stop leak if without risk. Absorb with DRY earth, sand or other non-combustible material.
Do not get water inside container. Do not touch spilled material. Use water spray curtain to divert vapor drift. Use water spray
to reduce vapors. Prevent entry into sewers, basements or confined areas; dike if needed. Call for assistance on disposal.
Neutralize the residue with a dilute solution of acetic acid. Be careful that the product is not present at a concentration level
above TLV. Check TLV on the MSDS and with local authorities.

Section 7: Handling and Storage
Precautions:
Keep locked up.. Keep container dry. Do not ingest. Do not breathe gas/fumes/ vapor/spray. Never add water to this product.
In case of insufficient ventilation, wear suitable respiratory equipment. If ingested, seek medical advice immediately and
show the container or the label. Avoid contact with skin and eyes. Keep away from incompatibles such as metals, acids.
Storage: Keep container tightly closed. Keep container in a cool, well-ventilated area. Do not store above 25°C (77°F).

Section 8: Exposure Controls/Personal Protection
Engineering Controls:
Provide exhaust ventilation or other engineering controls to keep the airborne concentrations of vapors below their
respective threshold limit value. Ensure that eyewash stations and safety showers are proximal to the work-station location.
Personal Protection:
Face shield. Full suit. Vapor respirator. Be sure to use an approved/certified respirator or equivalent. Gloves. Boots.
Personal Protection in Case of a Large Spill:
Splash goggles. Full suit. Vapor respirator. Boots. Gloves. A self contained breathing apparatus should be used to avoid
inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling this
product.
Exposure Limits:
TWA: 25 (ppm) from ACGIH (TLV) [United States] TWA: 50 STEL: 35 (ppm) from OSHA (PEL) [United States] TWA: 25 STEL:
35 from NIOSH Consult local authorities for acceptable exposure limits.

Section 9: Physical and Chemical Properties
Physical state and appearance: Liquid.
Odor: Ammonia-like (Strong.)
Taste: Acrid.
Molecular Weight: 35.05
Color: Colorless.
pH (1% soln/water): 11.6 [Basic.] This is the actual pH in a 1 N solution.
Boiling Point: Not available
Melting Point: -69.2°C (-92.6°F)
Critical Temperature: Not available.
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Specific Gravity: 0.898 (Water = 1)
Vapor Pressure: 287.9 kPa (@ 20°C)
Vapor Density: Not available
Volatility: Not available.
Odor Threshold: 5 - 50 ppm as ammonia
Water/Oil Dist. Coeff.: Not available.
Ionicity (in Water): Not available.
Dispersion Properties: See solubility in water
Solubility: Easily soluble in cold water.

Section 10: Stability and Reactivity Data
Stability: The product is stable.
Instability Temperature: Not available.
Conditions of Instability: Incompatible materials, high temperatures
Incompatibility with various substances:
Highly reactive with metals. Reactive with acids. Slightly reactive to reactive with oxidizing agents.
Corrosivity:
Extremely corrosive in presence of zinc, of copper. Corrosive in presence of aluminum. Non-corrosive in presence of glass, of
stainless steel(304), of stainless steel(316).
Special Remarks on Reactivity:
Incompatible with the following: Organic acids, amides, organic anhydrides, isocyanates, vinyl acetate, epichlorhydrin,
aldehydes, Acrolein, Acrylic acid, chlorosulfonic acid, dimethyl sulfate, fluorine, gold + aqua regia, hydrochloric acid,
hydrofluoric acid, hydrogen peroxide, iodine, nitric acid, olelum, propiolactone, propylene oxide, silver nitrate, silver oxide,
silver oxide + ethyl alcohol, nitromethane, silver permanganate, sulfuric acid, halogens. Forms explosive compounds with
many heavy metals (silver, lead, zinc) and halide salts.
Special Remarks on Corrosivity:
Dissolves copper and zinc. Corrosive to aluminum and its alloys. Corrosive to galvanized surfaces. Severe corrosive effect on
brass and bronze
Polymerization: Will not occur.

Section 11: Toxicological Information
Routes of Entry: Absorbed through skin. Dermal contact. Eye contact. Inhalation. Ingestion.
Toxicity to Animals: Acute oral toxicity (LD50): 350 mg/kg [Rat].
Chronic Effects on Humans:
MUTAGENIC EFFECTS: Mutagenic for bacteria and/or yeast. [Ammonium hydroxide]. May cause damage to the following
organs: mucous membranes, skin, eyes.
Other Toxic Effects on Humans:
Very hazardous in case of skin contact (corrosive, irritant, permeator), of ingestion, . Hazardous in case of eye
contact (corrosive), of inhalation (lung corrosive).
Special Remarks on Toxicity to Animals: Highly toxic to aquatic organisms
Special Remarks on Chronic Effects on Humans:
May affect genetic material based on tests with microorganisms and animals. May cause cancer (tumorigenic) based on
animal data. No human data found at this time. (Ammonia, anhydrous)
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Special Remarks on other Toxic Effects on Humans:
Acute Potential Health Effects: Skin: Causes severe irritation. Causes skin burns. May cause deep, penetrating ulcers of the
skin. Contact with skin may cause staining, inflammation, and thickening of the skin. Eye: Contact with liquid or vapor causes
severe burns and possible irreversible eye damage including corneal injury and cataracts. Inhalation: Causes severe irritation
of the upper respiratory tract with coughing, burns, breathing difficulty. May cause acute pulmonary edema, pneumoconiosis,
fibrosis, and even coma. It is a respiratory stimulant when inhaled at lower concentrations. It may also affect behavior/ central
nervous system (convulsions, seizures, ataxia, tremor), cardiovascular system (increase in blood pressure and pulse rate).
Ingestion: Harmful if swallowed. Affects the Gastrointestinal tract (burns, swelling of the lips, mouth, and larynx, throat
constriction, nausea, vomiting, convulsions, shock, and may cause severe and permanent damage), liver, and urinary system
(kidneys) May affect behavior (convulsions, seizures, ataxia, excitement). Chronic Potential Health Effects: Ingestion: May
cause effects similar to those of acute ingestion. Inhalation: Repeated exposure to low concentrations may cause bronchitis
with cough, phlegm, and/or shortness of breath. May also cause liver and kidney damage, and affect the brain, and blood.
Eye: May cause corneal damage and the development of cataracts and glaucoma. Skin: Repeated skin contact to low
concentrations may cause dryness, itching, and redness (dermatitis)

Section 12: Ecological Information
Ecotoxicity:
Ecotoxicity in water (LC50): 0.1 ppm 24 hours [Rainbow trout]. 8.2mg/l 96 hours [Fathead minnow]. 0.1 ppm 48
hours [Bluegill].
BOD5 and COD: Not available.
Products of Biodegradation:
Possibly hazardous short term degradation products are not likely. However, long term degradation products may arise.
Toxicity of the Products of Biodegradation: The products of degradation are less toxic than the product itself.
Special Remarks on the Products of Biodegradation: Not available.

Section 13: Disposal Considerations
Waste Disposal:
Waste must be disposed of in accordance with federal, state and local environmental control regulations.

Section 14: Transport Information
DOT Classification: Class 8: Corrosive material
Identification: : Ammonia Solution UNNA: 2672 PG: III
Special Provisions for Transport: Not available.

Section 15: Other Regulatory Information
Federal and State Regulations:
Connecticut hazardous material survey.: Ammonium hydroxide Illinois toxic substances disclosure to employee act:
Ammonium hydroxide Illinois chemical safety act: Ammonium hydroxide New York release reporting list: Ammonium
hydroxide Pennsylvania RTK: Ammonium hydroxide Massachusetts RTK: Ammonium hydroxide Massachusetts spill list:
Ammonium hydroxide New Jersey: Ammonium hydroxide New Jersey spill list: Ammonium hydroxide New Jersey toxic
catastrophe prevention act: Ammonium hydroxide Louisiana spill reporting: Ammonium hydroxide California Director's List of
Hazardous Substances (8 CCR 339): Ammonium hydroxide TSCA 8(b) inventory: Ammonium hydroxide CERCLA:
Hazardous substances.: Ammonium hydroxide: 1000 lbs. (453.6 kg)
Other Regulations:
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OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200). EINECS: This product is on
the European Inventory of Existing Commercial Chemical Substances.
Other Classifications:
WHMIS (Canada):
CLASS D-1B: Material causing immediate and serious toxic effects (TOXIC). CLASS E: Corrosive liquid.
DSCL (EEC):
HMIS (U.S.A.):
Health Hazard: 3
Fire Hazard: 0
Reactivity: 0
Personal Protection:
National Fire Protection Association (U.S.A.):
Health: 2
Flammability: 0
Reactivity: 0
Specific hazard:
Protective Equipment:
Gloves. Full suit. Vapor respirator. Be sure to use an approved/certified respirator or equivalent. Wear appropriate
respirator when ventilation is inadequate. Face shield.

Section 16: Other Information
References: Not available.
Other Special Considerations: Not available.
Created: 10/09/2005 03:55 PM
Last Updated: 05/21/2013 12:00 PM
The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we
assume no liability resulting from its use. Users should make their own investigations to determine the suitability of the
information for their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any
third party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even
if ScienceLab.com has been advised of the possibility of such damages.
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Material Safety Data Sheet
Ascorbyl palmitate MSDS
Section 1: Chemical Product and Company Identification
Product Name: Ascorbyl palmitate

Contact Information:
Sciencelab.com, Inc.
14025 Smith Rd.
Houston, Texas 77396

Catalog Codes: SLA2635, SLA4138
CAS#: 137-66-6

US Sales: 1-800-901-7247
International Sales: 1-281-441-4400

RTECS: CI7671040
TSCA: TSCA 8(b) inventory: Ascorbyl palmitate

Order Online: ScienceLab.com

CI#: Not available.
Synonym: L-Ascorbic Acid, 6-Hexadecanoate

CHEMTREC (24HR Emergency Telephone), call:
1-800-424-9300

Chemical Name: Ascorbyl Palmitate

International CHEMTREC, call: 1-703-527-3887

Chemical Formula: C22H38O7

For non-emergency assistance, call: 1-281-441-4400

Section 2: Composition and Information on Ingredients
Composition:
Name

CAS #

% by Weight

Ascorbyl palmitate

137-66-6

100

Toxicological Data on Ingredients: Ascorbyl palmitate: ORAL (LD50): Acute: 25000 mg/kg [Mouse]. DERMAL (LD50):
Acute: &gt;3000 mg/kg [Guinea pig].

Section 3: Hazards Identification
Potential Acute Health Effects:
Hazardous in case of eye contact (irritant), of inhalation. Slightly hazardous in case of skin contact (irritant), of ingestion.
Potential Chronic Health Effects:
CARCINOGENIC EFFECTS: Not available. MUTAGENIC EFFECTS: Not available. TERATOGENIC EFFECTS: Not available.
DEVELOPMENTAL TOXICITY: Not available. Repeated or prolonged exposure is not known to aggravate medical condition.

Section 4: First Aid Measures
Eye Contact:
Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least
15 minutes. Cold water may be used. WARM water MUST be used. Get medical attention.
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Skin Contact: Wash with soap and water. Cover the irritated skin with an emollient. Get medical attention if irritation develops.

Serious Skin Contact: Not available.
Inhalation:
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get
medical attention.
Serious Inhalation: Not available.
Ingestion:
Do NOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an unconscious
person. Loosen tight clothing such as a collar, tie, belt or waistband. Get medical attention if symptoms appear.
Serious Ingestion: Not available.

Section 5: Fire and Explosion Data
Flammability of the Product: May be combustible at high temperature.
Auto-Ignition Temperature: Not available.
Flash Points: CLOSED CUP: Higher than 93.3°C (200°F).
Flammable Limits: Not available.
Products of Combustion: These products are carbon oxides (CO, CO2).
Fire Hazards in Presence of Various Substances: Slightly flammable to flammable in presence of heat.
Explosion Hazards in Presence of Various Substances:
Risks of explosion of the product in presence of mechanical impact: Not available. Risks of explosion of the product in
presence of static discharge: Not available.
Fire Fighting Media and Instructions:
SMALL FIRE: Use DRY chemical powder. LARGE FIRE: Use water spray, fog or foam. Do not use water jet.
Special Remarks on Fire Hazards: Not available.
Special Remarks on Explosion Hazards: Not available.

Section 6: Accidental Release Measures
Small Spill:
Use appropriate tools to put the spilled solid in a convenient waste disposal container. Finish cleaning by spreading water on
the contaminated surface and dispose of according to local and regional authority requirements.
Large Spill:
Use a shovel to put the material into a convenient waste disposal container. Finish cleaning by spreading water on
the contaminated surface and allow to evacuate through the sanitary system.

Section 7: Handling and Storage
Precautions:
Keep away from heat. Keep away from sources of ignition. Empty containers pose a fire risk, evaporate the residue under
a fume hood. Ground all equipment containing material. Do not ingest. Do not breathe dust. Avoid contact with eyes. Wear
suitable protective clothing. In case of insufficient ventilation, wear suitable respiratory equipment. If ingested, seek
medical advice immediately and show the container or the label.
Storage: Keep container tightly closed. Keep container in a cool, well-ventilated area.
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Section 8: Exposure Controls/Personal Protection
Engineering Controls:
Use process enclosures, local exhaust ventilation, or other engineering controls to keep airborne levels below
recommended exposure limits. If user operations generate dust, fume or mist, use ventilation to keep exposure to airborne
contaminants below the exposure limit.
Personal Protection: Safety glasses. Synthetic apron. Gloves (impervious).
Personal Protection in Case of a Large Spill:
Splash goggles. Full suit. Boots. Gloves. Suggested protective clothing might not be sufficient; consult a specialist
BEFORE handling this product.
Exposure Limits: Not available.

Section 9: Physical and Chemical Properties
Physical state and appearance: Solid. (Powdered solid.)
Odor: Citrus-like
Taste: Not available.
Molecular Weight: 414.54 g/mole
Color: White to yellowish.
pH (1% soln/water): Not available.
Boiling Point: Not available.
Melting Point: 116°C (240.8°F)
Critical Temperature: Not available.
Specific Gravity: Not available.
Vapor Pressure: Not applicable.
Vapor Density: Not available.
Volatility: Not available.
Odor Threshold: Not available.
Water/Oil Dist. Coeff.: Not available.
Ionicity (in Water): Not available.
Dispersion Properties: Not available.
Solubility: Very slightly soluble in cold water.

Section 10: Stability and Reactivity Data
Stability: The product is stable.
Instability Temperature: Not available.
Conditions of Instability: Excess heat, incompatible materials
Incompatibility with various substances: Not available.
Corrosivity: Not available.
Special Remarks on Reactivity: Not available.
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Special Remarks on Corrosivity: Not available.
Polymerization: Will not occur.

Section 11: Toxicological Information
Routes of Entry: Inhalation. Ingestion.
Toxicity to Animals:
Acute oral toxicity (LD50): 25000 mg/kg [Mouse]. Acute dermal toxicity (LD50): >3000 mg/kg [Guinea pig].
Chronic Effects on Humans: Not available.
Other Toxic Effects on Humans:
Hazardous in case of inhalation. Slightly hazardous in case of skin contact (irritant), of ingestion.
Special Remarks on Toxicity to Animals: Not available.
Special Remarks on Chronic Effects on Humans: Not available.
Special Remarks on other Toxic Effects on Humans:
Acute Potential Health Effects: Skin: May cause skin irritation. Eyes: May cause eye irritation. Inhalation: May cause
respiratory tract irritation. Ingestion: May cause gastrointestinal (digestive) tract irritation. May affect metabolism and urinary
system. Chronic Potential Health Effects: no information found

Section 12: Ecological Information
Ecotoxicity: Not available.
BOD5 and COD: Not available.
Products of Biodegradation:
Possibly hazardous short term degradation products are not likely. However, long term degradation products may arise.
Toxicity of the Products of Biodegradation: The product itself and its products of degradation are not toxic.
Special Remarks on the Products of Biodegradation: Not available.

Section 13: Disposal Considerations
Waste Disposal:
Waste must be disposed of in accordance with federal, state and local environmental control regulations.

Section 14: Transport Information
DOT Classification: Not a DOT controlled material (United States).
Identification: Not applicable.
Special Provisions for Transport: Not applicable.

Section 15: Other Regulatory Information
Federal and State Regulations: TSCA 8(b) inventory: Ascorbyl palmitate
Other Regulations: EINECS: This product is on the European Inventory of Existing Commercial Chemical Substances.
Other Classifications:
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WHMIS (Canada): Not controlled under WHMIS (Canada).
DSCL (EEC):
R36- Irritating to eyes. S2- Keep out of the reach of children. S46- If swallowed, seek medical advice immediately and
show this container or label.
HMIS (U.S.A.):
Health Hazard: 2
Fire Hazard: 1
Reactivity: 0
Personal Protection: C
National Fire Protection Association (U.S.A.):
Health: 2
Flammability: 1
Reactivity: 0
Specific hazard:
Protective Equipment:
Gloves (impervious). Synthetic apron. Not applicable. Safety glasses.

Section 16: Other Information
References: Not available.
Other Special Considerations: Not available.
Created: 10/09/2005 04:16 PM
Last Updated: 05/21/2013 12:00 PM
The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we
assume no liability resulting from its use. Users should make their own investigations to determine the suitability of the
information for their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any
third party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even
if ScienceLab.com has been advised of the possibility of such damages.
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Carbon dioxide
Safety Data Sheet P-4574
This SDS conforms to U.S. Code of Federal Regulations 29 CFR 1910.1200, Hazard Communication.
Date of issue: 01/01/1980

Revision date: 10/17/2016

Supersedes: 07/19/2016

SECTION: 1. Product and company identification
1.1.

Product identifier

Product form

: Substance

Name

: Carbon dioxide

CAS No

: 124-38-9

Formula

: CO2

Other means of identification

: Medipure® Carbon Dioxide, Extendapak® EX-2, Refrigerant gas R744, carbonic anhydride,
carbonic acid gas

1.2.

Relevant identified uses of the substance or mixture and uses advised against

Use of the substance/mixture
1.3.

: Industrial use. Use as directed.

Details of the supplier of the safety data sheet
Praxair, Inc.
10 Riverview Drive
Danbury, CT 06810-6268 - USA
T 1-800-772-9247 (1-800-PRAXAIR) - F 1-716-879-2146
www.praxair.com

1.4.

Emergency telephone number

Emergency number

: Onsite Emergency: 1-800-645-4633

CHEMTREC, 24hr/day 7days/week
— Within USA: 1-800-424-9300, Outside USA: 001-703-527-3887
(collect calls accepted, Contract 17729)

SECTION 2: Hazard identification
2.1.

Classification of the substance or mixture

GHS-US classification
Liquefied gas H280

2.2.

Label elements

GHS-US labeling
Hazard pictograms (GHS-US)

:

Signal word (GHS-US)

: WARNING

Hazard statements (GHS-US)

: H280 - CONTAINS GAS UNDER PRESSURE; MAY EXPLODE IF HEATED
OSHA-H01 - MAY DISPLACE OXYGEN AND CAUSE RAPID SUFFOCATION
CGA-HG01 - MAY CAUSE FROSTBITE
CGA-HG03 - MAY INCREASE RESPIRATION AND HEART RATE

Precautionary statements (GHS-US)

: P202 - Do not handle until all safety precautions have been read and understood
P261 - Avoid breathing gas
P262 - Do not get in eyes, on skin, or on clothing
P271+P403 - Use and store only outdoors or in a well-ventilated place
CGA-PG05 - Use a back flow preventive device in the piping CGAPG10 - Use only with equipment rated for cylinder pressure CGAPG06 - Close valve after each use and when empty
CGA-PG02 - Protect from sunlight when ambient temperature exceeds 52°C (125°F)

GHS04

EN (English US)

SDS ID: P-4574
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This document is only controlled while on the Praxair, Inc. website and a copy of this controlled version is available for download. Praxair cannot assure the integrity
or accuracy of any version of this document after it has been downloaded or removed from our website.

Carbon dioxide
Safety Data Sheet P-4574
This SDS conforms to U.S. Code of Federal Regulations 29 CFR 1910.1200, Hazard Communication.
Date of issue: 01/01/1980Revision date: 10/17/2016Supersedes: 07/19/2016
2.3.
Other hazards
Other hazards not contributing to the
classification

: Asphyxiant in high concentrations
Contact with liquid may cause cold burns/frostbite
WARNING: Concentration levels of carbon dioxide above about 1 percent are dangerous.
Praxair recommends continuous monitoring with alarms to indicate unsafe conditions before and
during potential personnel exposure. Use appropriate monitoring devices to ensure a safe oxygen
level (minimum of 19.5 percent) and a safe carbon dioxide level.

2.4.

Unknown acute toxicity (GHS US)
No data available

SECTION 3: Composition/Information on ingredients
3.1.

Substance

Name

: Carbon dioxide

CAS No

: 124-38-9

Name

Product identifier

%

Carbon dioxide

(CAS No) 124-38-9

99.5 - 100

3.2.
Mixture
Not applicable

SECTION 4: First aid measures
4.1.

Description of first aid measures

First-aid measures after inhalation

: Remove to fresh air and keep at rest in a position comfortable for breathing. . If not breathing,
give artificial respiration, with supplemental oxygen given by qualified personnel. If breathing is
difficult, qualified personnel should give oxygen. Call a physician.

First-aid measures after skin contact

: MAY CAUSE FROSTBITE. For exposure to liquid, cold vapor, or solid carbon dioxide (dry ice),
immediately warm frostbite area with warm water not to exceed 41°C (105°F). Water
temperature should be tolerable to normal skin. Maintain skin warming for at least 15 minutes
or until normal coloring and sensation have returned to the affected area. In case of massive
exposure, remove clothing while showering with warm water. Seek medical evaluation and
treatment as soon as possible.

First-aid measures after eye contact

: Immediately flush eyes thoroughly with water for at least 15 minutes. Hold the eyelids open and
away from the eyeballs to ensure that all surfaces are flushed thoroughly. Contact an
ophthalmologist immediately.

First-aid measures after ingestion

: Ingestion is not considered a potential route of exposure.

4.2.

Most important symptoms and effects, both acute and delayed

4.3.

Indication of any immediate medical attention and special treatment needed

No additional information available

None.

SECTION 5: Firefighting measures
5.1.

Extinguishing media

Suitable extinguishing media
5.2.

: Use extinguishing media appropriate for surrounding fire.

Special hazards arising from the substance or mixture

Explosion hazard

: Heat of fire can build pressure in container and cause it to rupture. Containers are equipped
with a pressure relief device. (Exceptions may exist where authorized by DOT.) No part of the
container should be subjected to a temperature higher than 125°F (52°C).

Reactivity

: No reactivity hazard other than the effects described in sub-sections below.
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Carbon dioxide
Safety Data Sheet P-4574
This SDS conforms to U.S. Code of Federal Regulations 29 CFR 1910.1200, Hazard Communication.
Date of issue: 01/01/1980
5.3.

Revision date: 10/17/2016

Supersedes: 07/19/2016

Advice for firefighters

Firefighting instructions

: WARNING! Liquid and gas under pressure.
Evacuate all personnel from the danger area. Use self-contained breathing apparatus (SCBA)
and protective clothing. Immediately cool containers with water from maximum distance. Stop
flow of gas if safe to do so, while continuing cooling water spray. Remove ignition sources if
safe to do so. Remove containers from area of fire if safe to do so. On-site fire brigades must
comply with OSHA 29 CFR 1910.156 and applicable standards under 29 CFR 1910 Subpart
L—Fire Protection.

Other information

: Containers are equipped with a pressure relief device. (Exceptions may exist where authorized
by DOT [U.S.] or TC [Canada].).

SECTION 6: Accidental release measures
6.1.

Personal precautions, protective equipment and emergency procedures

General measures

6.1.1.

: WARNING! Liquid and gas under pressure.. Rapid release of gaseous carbon dioxide
through a pressure relief device (PRD) or valve can result in the formation of dry ice,
which is very cold and can cause frostbite..

For non-emergency personnel
No additional information available

6.1.2.

For emergency responders
No additional information available

6.2.

Environmental precautions
Try to stop release.

6.3.

Methods and material for containment and cleaning up

For containment

6.4.

: Prevent waste from contaminating the surrounding environment. Discard any product, residue,
disposable container, or liner in an environmentally acceptable manner, in full compliance with
federal, provincial, and local regulations. If necessary, call your local supplier for assistance.

Reference to other sections
See also sections 8 and 13.

SECTION 7: Handling and storage
7.1.

Precautions for safe handling

Precautions for safe handling

: Avoid breathing gas
Do not get in eyes, on skin, or on clothing
This gas is heavier than air and in an enclosed space tends to accumulate near the floor,
displacing air and pushing it upward. This creates an oxygen-deficient atmosphere near the
floor. Ventilate space before entry. Verify sufficient oxygen concentration
WARNING: Concentration levels of carbon dioxide above about 1 percent are dangerous.
Praxair recommends continuous monitoring with alarms to indicate unsafe conditions before and
during potential personnel exposure. Use appropriate monitoring devices to ensure a safe oxygen
level (minimum of 19.5 percent) and a safe carbon dioxide level

Wear leather safety gloves and safety shoes when handling cylinders. Protect cylinders from
physical damage; do not drag, roll, slide or drop. While moving cylinder, always keep in place
removable valve cover. Never attempt to lift a cylinder by its cap; the cap is intended solely to
protect the valve. When moving cylinders, even for short distances, use a cart (trolley, hand
truck, etc.) designed to transport cylinders. Never insert an object (e.g, wrench, screwdriver, pry
bar) into cap openings; doing so may damage the valve and cause a leak. Use an adjustable
strap wrench to remove over-tight or rusted caps. Slowly open the valve. If the valve is hard to
open, discontinue use and contact your supplier. Close the container valve after each use;
keep closed even when empty. Never apply flame or localized heat directly to any part of the
container. High temperatures may damage the container and could cause the pressure relief
device to fail prematurely, venting the container contents. For other precautions in using this
product, see section 16.
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7.2.

Revision date: 10/17/2016

Supersedes: 07/19/2016

Conditions for safe storage, including any incompatibilities

Storage conditions

: Store in a cool, well-ventilated place. Store and use with adequate ventilation. Store only
where temperature will not exceed 125°F (52°C). Firmly secure containers upright to keep
them from falling or being knocked over. Install valve protection cap, if provided, firmly in place
by hand. Store full and empty containers separately. Use a first-in, first-out inventory system
to prevent storing full containers for long periods
This gas is heavier than air and in an enclosed space tends to accumulate near the floor,
displacing air and pushing it upward. This creates an oxygen-deficient atmosphere near the
floor. Ventilate space before entry. Verify sufficient oxygen concentration.

7.3.

Specific end use(s)
None.

SECTION 8: Exposure controls/personal protection
8.1.

Control parameters

Carbon dioxide (124-38-9)
ACGIH
ACGIH

ACGIH TLV-TWA (ppm)
ACGIH TLV-STEL (ppm)

5000 ppm
30000 ppm

USA OSHA

OSHA PEL (TWA) (mg/m³)

9000 mg/m³

USA OSHA

OSHA PEL (TWA) (ppm)

5000 ppm

USA IDLH
ACGIH

US IDLH (ppm)
Not established

40000 ppm

USA OSHA

Not established

Carbon dioxide (124-38-9)
ACGIH

ACGIH TLV-TWA (ppm)

5000 ppm

ACGIH

ACGIH TLV-STEL (ppm)

30000 ppm

USA OSHA

OSHA PEL (TWA) (mg/m³)

9000 mg/m³

USA OSHA

OSHA PEL (TWA) (ppm)

5000 ppm

8.2.
Exposure controls
Appropriate engineering controls

: Use a local exhaust system with sufficient flow velocity to maintain an adequate supply of air in
the worker's breathing zone. Mechanical (general): General exhaust ventilation may be
acceptable if it can maintain an adequate supply of air. WARNING: Concentration levels of
carbon dioxide above about 1 percent are dangerous. Praxair recommends continuous
monitoring with alarms to indicate unsafe conditions before and during potential personnel
exposure. Use appropriate monitoring devices to ensure a safe oxygen level (minimum of 19.5
percent) and a safe carbon dioxide level.

Materials for protective clothing

: Wear work gloves and metatarsal shoes for cylinder handling. Protective equipment where
needed. Select in accordance with OSHA 29 CFR 1910.132, 1910.136, and 1910.138.

Eye protection

: Wear safety glasses when handling cylinders; vapor-proof goggles and a face shield during
cylinder changeout or whenever contact with product is possible. Select eye protection in
accordance with OSHA 29 CFR 1910.133.
: As needed for welding, wear hand, head, and body protection to help prevent injury from
radiation and sparks. (See ANSI Z49.1.) At a minimum, this includes welder’s gloves and
protective goggles, and may include arm protectors, aprons, hats, and shoulder protection as
well as substantial clothing.

Skin and body protection

Respiratory protection

: When workplace conditions warrant respirator use, follow a respiratory protection program that
meets OSHA 29 CFR 1910.134, ANSI Z88.2, or MSHA 30 CFR 72.710 (where applicable).
Use an air-supplied or air-purifying cartridge if the action level is exceeded. Ensure that the
respirator has the appropriate protection factor for the exposure level. If cartridge type
respirators are used, the cartridge must be appropriate for the chemical exposure. For
emergencies or instances with unknown exposure levels, use a self-contained breathing
apparatus (SCBA).

Thermal hazard protection

: Wear cold insulating gloves when transfilling or breaking transfer connections.
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Supersedes: 07/19/2016

SECTION 9: Physical and chemical properties
9.1.

Information on basic physical and chemical properties

Physical state

: Gas

Appearance

: Colorless gas.

Molecular

: 44 g/mol

mass Color

: Colorless.

Odor

: Odorless.

Odor threshold

: No data available

pH

: 3.7 (carbonic acid)

Relative evaporation rate (butyl acetate=1)

: No data available

Relative evaporation rate (ether=1)

: Not applicable.

Melting point

: No data available

Freezing point

: No data available

Boiling point

: -78.5 °C (-109.3°F)

Flash point

: No data available

Critical temperature Auto-

: 31 °C (87.7°F)

ignition temperature

: No data available

Decomposition

: No data available

temperature Flammability

: No data available

(solid, gas) Vapor pressure

: 57.3 bar (831 psig)

Critical pressure

: 73.7 bar (1069 psig)

Relative vapor density at 20 °C

: 762

Relative density

: 1.22

Relative gas
density Solubility

: 1.52

Log Pow

: 0.83

Log Kow

: Not applicable.

Viscosity, kinematic

: Not applicable.

Viscosity, dynamic

: Not applicable.

Explosive properties

: Not applicable.

Oxidizing properties

: None.

Explosion limits

: No data available

9.2.

: Water: 2000 mg/l Completely soluble.

Other information

Gas group

: Liquefied gas

Additional information

: Gas/vapor heavier than air. May accumulate in confined spaces, particularly at or below ground
level

SECTION 10: Stability and reactivity
10.1.

Reactivity
No reactivity hazard other than the effects described in sub-sections below.

10.2.

Chemical stability
Stable under normal conditions.

10.3.

Possibility of hazardous reactions
None.

10.4.

Conditions to avoid
None under recommended storage and handling conditions (see section 7).

10.5.

Incompatible materials
Alkali metals, Alkaline earth metals, Acetylide forming metals, Chromium, Titanium >
1022°F (550°C), Uranium (U) > 1382°F (750°C), Magnesium > 1427°F (775°C).
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Revision date: 10/17/2016
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Hazardous decomposition products
Electrical discharges and high temperatures decompose carbon dioxide into carbon monoxide
and oxygen. The welding process may generate hazardous fumes and gases.

SECTION 11: Toxicological information
11.1.

Information on toxicological effects

Acute toxicity

: Not classified

Skin corrosion/irritation

: Not classified

Serious eye damage/irritation

: Not classified

Respiratory or skin sensitization

: Not classified

Germ cell mutagenicity

: Not classified

Carcinogenicity

: Not classified

pH: 3.7 (carbonic acid)
pH: 3.7 (carbonic acid)

Reproductive toxicity

: Not classified

Specific target organ toxicity (single exposure)

: Not classified

Specific target organ toxicity (repeated
exposure)

: Not classified

Aspiration hazard

: Not classified

SECTION 12: Ecological information
12.1.

Toxicity

Ecology - general
12.2.

: No ecological damage caused by this product.

Persistence and degradability

Carbon dioxide (124-38-9)
Persistence and degradability

No ecological damage caused by this product.

Carbon dioxide (124-38-9)
Persistence and degradability

No ecological damage caused by this product.

12.3.

Bioaccumulative potential

Carbon dioxide (124-38-9)
BCF fish 1
Log Pow
Log Kow
Bioaccumulative potential

(no bioaccumulation)
0.83
Not applicable.
No ecological damage caused by this product.

Carbon dioxide (124-38-9)
BCF fish 1
Log Pow
Log Kow
Bioaccumulative potential

(no bioaccumulation)
0.83
Not applicable.
No ecological damage caused by this product.

12.4.

Mobility in soil

Carbon dioxide (124-38-9)
Mobility in soil
Ecology - soil

No data available.
No ecological damage caused by this product.

Carbon dioxide (124-38-9)
Mobility in soil
Ecology - soil

No data available.
No ecological damage caused by this product.
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12.5.
Other adverse effects
Effect on ozone layer

: None

Global warming potential [CO2=1]

: 1

Effect on the global warming

: When discharged in large quantities may contribute to the greenhouse effect

SECTION 13: Disposal considerations
13.1.
Waste treatment methods
Waste treatment methods

Waste disposal recommendations

: May be vented to atmosphere in a well ventilated place. Discharge to atmosphere in large
quantities should be avoided. Do not discharge into any place where its accumulation could be
dangerous. Contact supplier if guidance is required.
: Do not attempt to dispose of residual or unused quantities. Return container to supplier.

SECTION 14: Transport information
In accordance with DOT
Transport document description

: UN1013 Carbon dioxide, 2.2

UN-No.(DOT)

: UN1013

Proper Shipping Name (DOT)

: Carbon dioxide

Class (DOT)

: 2.2 - Class 2.2 - Non-flammable compressed gas 49 CFR 173.115

Hazard labels (DOT)

: 2.2 - Non-flammable gas

Additional information
Emergency Response Guide (ERG) Number

: 120

Other information

: No supplementary information available.

Special transport precautions

: Avoid transport on vehicles where the load space is not separated from the driver's
compartment. Ensure vehicle driver is aware of the potential hazards of the load and knows
what to do in the event of an accident or an emergency. Before transporting product containers:
- Ensure there is adequate ventilation. - Ensure that containers are firmly secured. - Ensure
cylinder valve is closed and not leaking. - Ensure valve outlet cap nut or plug (where provided)
is correctly fitted. - Ensure valve protection device (where provided) is correctly fitted.

Transport by sea
UN-No. (IMDG)

: 1013

Proper Shipping Name (IMDG)
Class (IMDG)

: CARBON DIOXIDE
: 2 - Gases

MFAG-No

: 120

Air transport
UN-No. (IATA)

: 1013

Proper Shipping Name (IATA)

: Carbon dioxide

Class (IATA)
Civil Aeronautics Law

: 2
: Gases under pressure/Gases nonflammable nontoxic under pressure

SECTION 15: Regulatory information
15.1. US Federal regulations
Carbon dioxide (124-38-9)
Listed on the United States TSCA (Toxic Substances Control Act) inventory
SARA Section 311/312 Hazard Classes
Immediate (acute) health hazard
Sudden release of pressure hazard
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15.2. International regulations
CANADA
Carbon dioxide (124-38-9)
Listed on the Canadian DSL (Domestic Substances List)
Carbon dioxide (124-38-9)
Listed on the Canadian DSL (Domestic Substances List)
EU-Regulations
Carbon dioxide (124-38-9)
Listed on the EEC inventory EINECS (European Inventory of Existing Commercial Chemical Substances)
15.2.2. National regulations
Carbon dioxide (124-38-9)
Listed on the AICS (Australian Inventory of Chemical Substances)
Listed on IECSC (Inventory of Existing Chemical Substances Produced or Imported in China)
Listed on the Japanese ENCS (Existing & New Chemical Substances) inventory
Listed on the Korean ECL (Existing Chemicals List)
Listed on NZIoC (New Zealand Inventory of Chemicals)
Listed on PICCS (Philippines Inventory of Chemicals and Chemical Substances)
Listed on the Canadian IDL (Ingredient Disclosure List)
Listed on INSQ (Mexican National Inventory of Chemical Substances)
Listed on CICR (Turkish Inventory and Control of Chemicals)
15.3. US State regulations
Carbon dioxide(124-38-9)
U.S. - California - Proposition 65 - Carcinogens List

No

U.S. - California - Proposition 65 - Developmental
Toxicity

No

U.S. - California - Proposition 65 - Reproductive
Toxicity - Female

No

U.S. - California - Proposition 65 - Reproductive
Toxicity - Male

No

State or local regulations

U.S. - Massachusetts - Right To Know List
U.S. - New Jersey - Right to Know Hazardous Substance List
U.S. - Pennsylvania - RTK (Right to Know) List

Carbon dioxide (124-38-9)
U.S. - California Proposition 65 Carcinogens List

U.S. - California Proposition 65 Developmental Toxicity

U.S. - California Proposition 65 Reproductive Toxicity Female

U.S. - California Proposition 65 Reproductive Toxicity - Male

No

No

No

No

Non-significant risk level
(NSRL)

Carbon dioxide (124-38-9)
U.S. - Massachusetts - Right To Know List
U.S. - New Jersey - Right to Know Hazardous Substance List
U.S. - Pennsylvania - RTK (Right to Know) List
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SECTION 16: Other information
Other information

: When you mix two or more chemicals, you can create additional, unexpected hazards. Obtain
and evaluate the safety information for each component before you produce the mixture.
Consult an industrial hygienist or other trained person when you evaluate the end product.
Before using any plastics, confirm their compatibility with this product
Fumes and gases produced during welding and cutting processes can be dangerous to your
health and may cause serious lung disease. KEEP YOUR HEAD OUT OF FUMES. DO NOT
BREATHE FUMES AND GASES. Use enough ventilation, local exhaust, or both to keep fumes
and gases from your breathing zone and the general area. Short-term overexposure to fumes
may cause dizziness, nausea, and dryness or irritation of the nose, throat, and eyes; or may
cause other similar discomfort. Contaminants in the air may add to the hazard of fumes and
gases. One such contaminant, chlorinated hydrocarbon vapors from cleaning and degreasing
activities, poses a special risk. DO NOT USE ELECTRIC ARCS IN THE PRESENCE OF
CHLORINATED HYDROCARBON VAPORS—HIGHLY TOXIC PHOSGENE MAY BE
PRODUCED. Metal coatings such as paint, plating, or galvanizing may generate harmful
fumes when heated. Residues from cleaning materials may also be harmful. AVOID ARC
OPERATIONS ON PARTS WITH PHOSPHATE RESIDUES (ANTI-RUST, CLEANING
PREPARATIONS)—HIGHLY TOXIC PHOSPHINE MAY BE PRODUCED
The opinions expressed herein are those of qualified experts within Praxair, Inc. We believe
that the information contained herein is current as of the date of this Safety Data Sheet. Since
the use of this information and the conditions of use are not within the control of Praxair, Inc, it
is the user's obligation to determine the conditions of safe use of the product
Praxair SDSs are furnished on sale or delivery by Praxair or the independent distributors and
suppliers who package and sell our products. To obtain current SDSs for these products,
contact your Praxair sales representative, local distributor, or supplier, or download from
www.praxair.com. If you have questions regarding Praxair SDSs, would like the document
number and date of the latest SDS, or would like the names of the Praxair suppliers in your
area, phone or write the Praxair Call Center (Phone: 1-800-PRAXAIR/1-800-772-9247;
Address: Praxair Call Center, Praxair, Inc, P.O. Box 44, Tonawanda, NY 14151-0044)
Praxair asks users of this product to study this SDS and become aware of the product hazards
and safety information. To promote safe use of this product, a user should (1) notify
employees, agents, and contractors of the information in this SDS and of any other known
product hazards and safety information, (2) furnish this information to each purchaser of the
product, and (3) ask each purchaser to notify its employees and customers of the product
hazards and safety information
PRAXAIR, the Flowing Airstream design, Medipure, and the Medipure design are trademarks
or registered trademarks of Praxair Technology, Inc. in the United States and/or other
countries.

NFPA health hazard

: 2 - Intense or continued exposure could cause temporary
incapacitation or possible residual injury unless prompt
medical attention is given.

NFPA fire hazard

: 0 - Materials that will not burn.

NFPA reactivity

: 0 - Normally stable, even under fire exposure conditions,
and are not reactive with water.

NFPA specific hazard

: SA - This denotes gases which are simple asphyxiants.

HMIS III Rating
Health

: 1 Slight Hazard - Irritation or minor reversible injury possible

Flammability

: 0 Minimal Hazard

Physical

: 3 Serious Hazard

SDS US (GHS HazCom 2012) - Praxair
This information is based on our current knowledge and is intended to describe the product for the purposes of health, safety and environmental requirements only. It should not therefore be construed as
guaranteeing any specific property of the product.
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Material Safety Data Sheet
HMIS

NFPA
Health Hazard

0
1

Fire Hazard

0

Reactivity

Personal Protective Equipment

1
0
0

See Section 15.

Page Number: 1

Section 1. Chemical Product and Company Identification
Common Name/

Corn Steep Liquor

C3848

Catalog

Number(s).

Trade Name

CAS#

66071-94-1

SPECTRUM LABORATORY PRODUCTS INC.
14422 S. SAN PEDRO STREET
GARDENA, CA 90248

RTECS

Not available.

TSCA

TSCA 8(b) inventory: Corn
Steep Liquor

Commercial Name(s)

Not available.

CI#

Not available.

Synonym

Not available.

Chemical Name

Not available.

IN CASE OF EMERGENCY
CHEMTREC (24hr) 800-424-9300

Chemical Family

Not available.

CALL (310) 516-8000

Chemical Formula

Not available.

Supplier

SPECTRUM LABORATORY PRODUCTS INC.
14422 S. SAN PEDRO STREET
GARDENA, CA 90248

Manufacturer

Section 2.Composition and Information on Ingredients
Exposure Limits
Name

CAS #

1) Corn Steep Liquor

Toxicological Data
on Ingredients

3

TWA (mg/m )

STEL (mg/m3)CEIL (mg/m3)% by Weight

66071-94-1

100

Not applicable.

Section 3. Hazards Identification
Potential Acute Health Effects Slightly hazardous in case of skin contact (irritant), of eye contact (irritant), of ingestion. Non-hazardous in case
of inhalation.
Potential Chronic Health
Effects

CARCINOGENIC EFFECTS: Not available.

MUTAGENIC EFFECTS: Not available.
TERATOGENIC EFFECTS: Not available.
DEVELOPMENTAL TOXICITY: Not available.
Repeated or prolonged exposure is not known to aggravate medical condition.

Continued on Next Page

Corn Steep Liquor

Page Number: 2

Section 4. First Aid Measures
Eye Contact

Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at
least 15 minutes. Get medical attention if irritation occurs.

Skin Contact

Wash with soap and water. Cover the irritated skin with an emollient. Get medical attention if irritation develops.

Serious Skin Contact

Not available.

Inhalation

If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get
medical attention.

Serious Inhalation

Not available.

Ingestion

Do NOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an
unconscious person. If large quantities of this material are swallowed, call a physician immediately. Loosen tight
clothing such as a collar, tie, belt or waistband.

Serious Ingestion

Not available.

Section 5. Fire and Explosion Data
Flammability of the Product

Non-flammable.

Auto-Ignition Temperature

Not applicable.

Flash Points

Not applicable.

Flammable Limits

Not applicable.

Products of Combustion

Not available.

Fire Hazards in Presence of
Various Substances

Not applicable.

Explosion Hazards in Presence Risks of explosion of the product in presence of mechanical impact: Not available.
of Various Substances
Risks of explosion of the product in presence of static discharge: Not available.
Fire Fighting Media
and Instructions

Not applicable.

Special Remarks on
Fire Hazards

Not available.

Special Remarks on Explosion Not available.
Hazards

Section 6. Accidental Release Measures
Small Spill

Absorb with an inert material and put the spilled material in an appropriate waste disposal.

Large Spill

Absorb with an inert material and put the spilled material in an appropriate waste disposal. Finish cleaning by
spreading water on the contaminated surface and allow to evacuate through the sanitary system.

Continued on Next Page
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Section 7. Handling and Storage
Precautions

Do not breathe gas/fumes/ vapor/spray. Keep away from incompatibles such as oxidizing agents.

Storage

Keep container tightly closed. Keep container in a cool, well-ventilated area.

Section 8. Exposure Controls/Personal Protection
Engineering Controls

Provide exhaust ventilation or other engineering controls to keep the airborne concentrations of vapors below their
respective threshold limit value.

Personal Protection

Safety glasses. Lab coat. Gloves (impervious).

Personal Protection in Case of Splash goggles. Full suit. Boots. Gloves. Suggested protective clothing might not be sufficient; consult a
a Large Spill
specialist BEFORE handling this product.
Exposure Limits

Not available.

Section 9. Physical and Chemical Properties
Physical state and appearance Liquid. (Viscous liquid (suspension))
Molecular Weight

Not available.

pH (1% soln/water)

Not available.

Boiling Point

Not available.

Melting Point

Not available.

Critical Temperature

Not available.

Specific Gravity

Not available.

Vapor Pressure

Not available.

Vapor Density

Not available.

Volatility

Not available.

Odor Threshold

Not available.

Water/Oil Dist. Coeff.

Not available.

Ionicity (in Water)

Not available.

Dispersion Properties

Not available.

Solubility

Not available.

Section 10. Stability and Reactivity Data
Stability

The product is stable.

Instability Temperature

Not available.

Conditions of Instability

Excess heat, incompatible materials

Incompatibility with various
substances

Reactive with oxidizing agents.

Corrosivity

Not available.

Special Remarks on
Reactivity

Not available.

Continued on Next Page

Odor

Not available.

Taste

Not available.

Color

Yellowish-brown. Brown.

Corn Steep Liquor
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Special Remarks on
Corrosivity

Not available.

Polymerization

Will not occur.

Section 11. Toxicological Information
Routes of Entry

Skin contact. Eye contact.

Toxicity to Animals

LD50: Not available.
LC50: Not available.

Chronic Effects on Humans

Not available.

Other Toxic Effects on
Humans

Slightly hazardous in case of skin contact (irritant), of ingestion.
Non-hazardous in case of inhalation.

Special Remarks on
Toxicity to Animals

Not available.

Special Remarks on
Chronic Effects on Humans

Not available.

Special Remarks on other
Toxic Effects on Humans

Acute Potential Health Effects:
Skin: May cause skin irritation.
Eyes: May cause eye irritation.
Inhalation: Not expected to be an inhalation hazard.
Ingestion: Expected to be a low hazard.

Section 12. Ecological Information
Ecotoxicity

Not available.

BOD5 and COD

Not available.

Products of Biodegradation

Possibly hazardous short term degradation products are not likely. However, long term degradation products may
arise.

Toxicity of the Products
of Biodegradation

Not available.

Special Remarks on the
Products of Biodegradation

Not available.

Section 13. Disposal Considerations
Waste Disposal

Waste must be disposed of in accordance with federal, state and local environmental
control regulations.

Section 14. Transport Information
DOT Classification

Not a DOT controlled material (United States).

Identification

Not applicable.

Special Provisions for
Transport

Not applicable.

DOT (Pictograms)

Continued on Next Page
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Section 15. Other Regulatory Information and Pictograms
Federal and State
Regulations

TSCA 8(b) inventory: Corn Steep Liquor

California
Proposition 65
Warnings

California prop. 65: This product contains the following ingredients for which the State of California has found
to cause cancer which would require a warning under the statute: No products were found.
California prop. 65: This product contains the following ingredients for which the State of California has found
to cause birth defects which would require a warning under the statute: No products were found.

Other Regulations

EINECS: This product is on the European Inventory of Existing Commercial Chemical Substances (EINECS No.
266-113-4).
Canada: Listed on Canadian Domestic Substance List (DSL).
China: Not listed on National Inventory.
Japan: Listed on National Inventory (ENCS).
Korea: Listed on National Inventory (KECI).
Philippines: Not listed on National Inventory (PICCS).
Australia: Listed on AICS.

Other Classifications

WHMIS (Canada)

This product is not classified according Not applicable.
to the EU regulations.

DSCL (EEC)

HMIS (U.S.A.)

Not controlled under WHMIS (Canada).

Health Hazard

1
0

Fire Hazard
Reactivity

National Fire Protection
Association (U.S.A.)

0

Personal Protection

B

WHMIS (Canada)
(Pictograms)

DSCL (Europe)
(Pictograms)

TDG (Canada)
(Pictograms)

ADR (Europe)
(Pictograms)

Protective Equipment

Gloves (impervious).

Lab coat.

Not applicable.

Continued on Next Page

Flammability

0

Reactivity

Health

1

0

Specific hazard
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Safety glasses.

Section 16. Other Information
MSDS Code

C0530

References

Not available.

Other Special
Considerations

Product Description: A liquid suspension or viscous concentrate of corn solubles obtained by soaking corn kernels in a
0.2% sulfur dioxide solution. This is the first step in the recovery of corn starch, corn oil, adn gluten from corn.
Major Uses: A growth medium for penicillin and other antibiotics; as an ingredient in cattle feeds.

Validated by Sonia Owen on 10/17/2007.

Verified by Sonia Owen.
Printed 1/21/2008.

CALL (310) 516-8000
Notice to Reader
All chemicals may pose unknown hazards and should be used with caution. This Material Safety Data Sheet (MSDS) applies only to the material as packaged. If this product is
combined with other materials, deteriorates, or becomes contaminated, it may pose hazards not mentioned in this MSDS. It shall be the user's responsibility to develop proper
methods of handling and personal protection based on the actual conditions of use. While this MSDS is based on technical data judged to be reliable, Spectrum Quality Products, Inc.
assumes no responsibility for the completeness or accuracy of the information contained herein.
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according to Regulation (EC) No. 1907/2006 as amended by (EC) No. 1272/2008

Section 1. Identification of the Substance/Mixture and of the Company/Undertaking
1.1

Product Code:

90310
Docosahexaenoic
Acid
4Z,7Z,10Z,13Z,16Z,19Z-docosahexaenoic acid; Cervonic Acid;
DHA;

Product Name:
Synonyms:
1.2

Relevant identified uses of the substance or mixture and uses advised against:
Relevant identified uses: For research use only, not for human or veterinary use.

1.3

1.4

Details of the Supplier of the Safety Data Sheet:

Company Name:

Cayman Chemical Company
1180 E. Ellsworth Rd.
Ann Arbor, MI 48108

Web site address:

www.caymanchem.com

Information:

Cayman Chemical Company

+1 (734)971-3335

Emergency telephone number:
Emergency Contact:

CHEMTREC Within USA and Canada:

+1 (800)424-9300

CHEMTREC Outside USA and Canada:

+1 (703)527-3887

Section 2. Hazards Identification
2.1

Classification of the Substance or Mixture:
Flammable Liquids, Category 2

2.2

Label Elements:

Danger

GHS Signal Word:

GHS Hazard Phrases:
H225: Highly flammable liquid and vapor.
GHS Precaution Phrases:
P210: Keep away from {heat/sparks/open flames/hot surfaces}. - No smoking.
P280: Wear {protective gloves/protective clothing/eye protection/face protection}.
GHS Response Phrases:
P303+361+353: IF ON SKIN (or hair): Remove/take off immediately all contaminated clothing. Rinse skin with
water/shower.
GHS Storage and Disposal Phrases:
Please refer to Section 7 for Storage and Section 13 for Disposal information.
2.3

Adverse Human Health Material may be irritating to the mucous membranes and upper respiratory tract.
Effects and Symptoms: May be harmful by inhalation, ingestion, or skin absorption.
May cause eye, skin, or respiratory system irritation.
To the best of our knowledge, the toxicological properties have not been thoroughly investigated.

Multi-region format
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Section 3. Composition/Information on Ingredients
CAS # /
RTECS #
6217-54-5
NA

Hazardous Components (Chemical Name)/
REACH Registration No.

Concentration

EC No./
EC Index No.

GHS Classification

4,7,10,13,16,19-Docosahexaenoic acid,

0.001 %

612-950-9
NA

No data available.

99.999 %

200-578-6
603-002-00-5

Flam. Liq. 2: H225

(4Z,7Z,10Z,13Z,16Z,19Z)64-17-5

Ethyl alcohol

KQ6300000

Section 4. First Aid Measures
4.1

Description of First Aid
Measures:
In Case of Inhalation:Remove to fresh air. If not breathing, give artificial respiration or give oxygen by trained personnel.
Get immediate medical attention.
In Case of Skin Contact: Immediately wash skin with soap and plenty of water for at least 15 minutes. Remove contaminated
clothing. Get medical attention if symptoms occur. Wash clothing before reuse.
In Case of Eye Contact: Hold eyelids apart and flush eyes with plenty of water for at least 15 minutes. Have eyes examined
and tested by medical personnel.
In Case of Ingestion: Wash out mouth with water provided person is conscious. Never give anything by mouth to an
unconscious person. Get medical attention. Do NOT induce vomiting unless directed to do so by
medical personnel.

4.2

Important Symptoms and May cause anemia, cough, CNS depression, drowsiness, headache, heart damage, lassitude
Effects, Both Acute and (weakness, exhaustion), liver damage, narcosis, reproductive effects, teratogenic effects.
Delayed:

Section 5. Fire Fighting Measures
5.1

Suitable Extinguishing Use alcohol-resistant foam, carbon dioxide, water, or dry chemical spray.
Media:

Use water spray to cool fire-exposed containers.

Unsuitable Extinguishing A solid water stream may be inefficient.
Media:
5.2

Flammable Properties andCan release vapors that form explosive mixtures at temperatures at or above the flashpoint.
Hazards:

Container explosion may occur under fire conditions.
Emits toxic fumes under fire conditions.
Sensitive to static discharge.
Vapors can travel to a source of ignition and flash back.
No data available.

5.3

Flash Pt:

14.00 C Method Used: Closed Cup

Explosive Limits:

LEL: 3.3%

Autoignition Pt:

363.00 C

at 25.0 C

UEL: 19.0%

at 25.0 C

Fire Fighting Instructions:As in any fire, wear self-contained breathing apparatus pressure-demand (NIOSH approved or
equivalent), and full protective gear to prevent contact with skin and eyes.
Note: Flammable as diluted in ethanol.

Multi-region format
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Section 6. Accidental Release Measures
6.1

Protective Precautions, Avoid breathing vapors and provide adequate ventilation.
Protective Equipment and As conditions warrant, wear a NIOSH approved self-contained breathing apparatus, or respirator,
Emergency Procedures: and appropriate personal protection (rubber boots, safety goggles, and heavy rubber gloves).

6.2

Environmental

Take steps to avoid release into the environment, if safe to do so.

Precautions:
6.3

Methods and Material For Contain spill and collect, as appropriate.
Containment and CleaningTransfer to a chemical waste container for disposal in accordance with local regulations.
Up:

Section 7. Handling and Storage
Precautions To Be Taken Avoid breathing dust/fume/gas/mist/vapours/spray.

7.1

Avoid prolonged or repeated exposure.

in Handling:

Keep away from sources of ignition.
Take precautionary measures against static discharge.
Precautions To Be Taken Keep away from heat, sparks, and flame.

7.2

Keep container tightly closed.

in Storing:

Store in accordance with information listed on the product insert.
Other Precautions:

Hygroscopic.

Section 8. Exposure Controls/Personal Protection
8.1

Exposure Parameters:

CAS #

Partial Chemical Name

6217-54-5
64-17-5

CAS #
6217-54-5

8.2

France VL

Europe

4,7,10,13,16,19-Docosahexaenoic acid, No data.
(4Z,7Z,10Z,13Z,16Z,19Z)-

Britain EH40

No data.

No data.

Ethyl alcohol

TWA: 1920 mg/m3 (1000 ppm)
STEL: ()

TWA: 1900 mg/m3 (1000
ppm)
STEL: 9500 mg/m3 (5000
ppm)

No data.

Partial Chemical Name

OSHA TWA

ACGIH TWA

Other Limits

No data.

No data.

TLV: 1000 ppm

No data.

4,7,10,13,16,19-Docosahexaenoic acid, No data.
(4Z,7Z,10Z,13Z,16Z,19Z)-

64-17-5
Ethyl alcohol
Exposure Controls:

PEL: 1000 ppm

8.2.1 Engineering Controls Use process enclosures, local exhaust ventilation, or other engineering controls to control airborne
(Ventilation etc.): levels below recommended exposure limits.
8.2.2

Personal protection equipment:
Eye Protection:

Safety glasses

Protective Gloves:

Compatible chemical-resistant gloves

Other Protective Clothing:Lab coat
Respiratory Equipment

NIOSH approved respirator, as conditions warrant.

(Specify Type):
Work/Hygienic/Maintenan Do not take internally.
ce Practices:

Facilities storing or utilizing this material should be equipped with an eyewash facility and a safety
shower.
Wash thoroughly after handling.
No data available.
Multi-region format
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Section 9. Physical and Chemical Properties
9.1

Information on Basic Physical and Chemical Properties
Physical States:

[ ] Gas

Appearance and Odor:

A solution in ethanol

Melting Point:

No data.

Boiling Point:

No data.

Flash Pt:

14.00 C

Evaporation Rate:

No data.

Flammability (solid, gas):

No data available.

Explosive Limits:

LEL:

Vapor Pressure (vs. Air or mm

[ X ] Liquid

[ ] Solid

Method Used: Closed Cup

3.3%

at 25.0 C

UEL: 19.0%

at 25.0 C

43 MM_HG at 20.0 C

Hg):

9.2

Vapor Density (vs. Air = 1):

No data.

Specific Gravity (Water = 1):

No data.

Solubility in Water:

No data.

Autoignition Pt:

363.00 C

Other Information
Percent Volatile:

No data.

Molecular Formula & Weight:

C22H32O2

328.5

Section 10. Stability and Reactivity
10.1

Reactivity:

No data available.

10.2

Stability:

Unstable [

10.3

Stability Note(s):Stable if stored in accordance with information listed on the product insert.
Polymerization:

10.4 Conditions To Avoid:
10.5

]

Will occur [ ]

Stable [ X ]

Will not occur [ X ]

heat, flames and sparks

Incompatibility - Materials alkali metals
To Avoid:

ammonia
peroxides
strong oxidizing agents

10.6 Hazardous
Decomposition or

carbon dioxide
carbon monoxide

Byproducts:

Multi-region format
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Section 11. Toxicological Information
11.1

Information on

The toxicological effects of this product have not been thoroughly studied.

Toxicological Effects:

Ethanol - Toxicity Data: Oral TDLO (man): 1.14 ml/kg; Oral TDLO (man): 650 mg/kg; Oral LD50
(rat): 7,060 mg/kg; Oral LD50 (mouse): 3,450 mg/kg; Oral LD50 (mouse): 10.5 ml/kg; Oral
LD50 (rabbit): 6,300 mg/kg; Inhalation LC50 (rat): 20,000 ppm (10h); Inhalation TCLO (human):
1,800 ppm (30m); Inhalation TCLO (human): 2,500 mg/m3 (20m); Inhalation LC50 (rat): 5,900
mg/m3 (6h); Inhalation LCLO (mouse): 29,300 ppm (7h);
Ethanol - Irritation Data: Eyes (rabbit): 500 mg (24h) mild; Skin (rabbit): 20 mg (24h) moderate;

Chronic

Ethanol - Investigated as a mutagen, reproductive effector, and tumorigen.

Toxicological Effects:

Only select Registry of Toxic Effects of Chemical Substances (RTECS) data is presented here.
See actual entry in RTECS for complete information.
Ethanol RTECS Number: KQ6300000

CAS #
6217-54-5
64-17-5

Hazardous Components (Chemical Name)

NTP

IARC

ACGIH

OSHA

4,7,10,13,16,19-Docosahexaenoic acid,
(4Z,7Z,10Z,13Z,16Z,19Z)-

n.a.

n.a.

n.a.

n.a.

Ethyl alcohol

n.a.

1

A4

n.a.

Section 12. Ecological Information
12.1

Toxicity:

Avoid release into the environment.
Runoff from fire control or dilution water may cause pollution.

12.2

Persistence and

No data available.

Degradability:
12.3

Bioaccumulative

No data available.

Potential:
12.4

Mobility in Soil:

12.5

Results of PBT and vPvB No data available.

No data available.

assessment:
12.6

Other adverse effects:

No data available.

Section 13. Disposal Considerations
13.1

Waste Disposal Method: Dispose in accordance with local, state, and federal regulations.

Section 14. Transport Information
14.1

LAND TRANSPORT (US DOT):

DOT Proper Shipping Name:

Ethyl Alcohol Solution

DOT Hazard Class:

3

UN/NA Number:

1170

14.1

FLAMMABLE LIQUID
Packing Group:

II

LAND TRANSPORT (European ADR/RID):

ADR/RID Shipping Name:

Ethyl Alcohol Solution

UN Number:

1170

Hazard Class:

3 - FLAMMABLE LIQUID

Packing Group:

II

Multi-region format
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AIR TRANSPORT (ICAO/IATA):

ICAO/IATA Shipping Name:

Ethyl Alcohol Solution

UN Number:

1170

Packing Group:

II

3 - FLAMMABLE LIQUID

IATA Classification:

3

Hazard Class:
Additional Transport

Transport in accordance with local, state, and federal regulations.

Information:

When sold in quantities of less than or equal to 1 mL, or 1 g, with an Excepted Quantity Code of
E1, E2, E4, or E5, this item meets the De Minimis Quantities exemption, per IATA 2.6.10.
Therefore packaging does not have to be labeled as Dangerous Goods/Excepted Quantity.

Section 15. Regulatory Information
EPA SARA (Superfund Amendments and Reauthorization Act of 1986) Lists
CAS #
6217-54-5
64-17-5
CAS #
6217-54-5
64-17-5

Hazardous Components (Chemical Name)

S. 302 (EHS)

S. 304 RQ

4,7,10,13,16,19-Docosahexaenoic acid,
(4Z,7Z,10Z,13Z,16Z,19Z)-

No

No

No

S. 313 (TRI)

Ethyl alcohol

No

No

No

Hazardous Components (Chemical Name)

Other US EPA or State Lists

4,7,10,13,16,19-Docosahexaenoic acid,
(4Z,7Z,10Z,13Z,16Z,19Z)-

CAA HAP,ODC: No; CWA NPDES: No; TSCA: No; CA
PROP.65: No

Ethyl alcohol

CAA HAP,ODC: No; CWA NPDES: No; TSCA: Yes Inventory; CA PROP.65: No

Regulatory Information

This SDS was prepared in accordance with 29 CFR 1910.1200 and Regulation (EC)

Statement:

No.1272/2008.

Section 16. Other Information
Revision Date:

04/15/2016

Additional Information About

No data available.

This Product:
Company Policy or Disclaimer: DISCLAIMER: This information is believed to be accurate and represents the best information
currently available to us. However, we make no warranty of merchantability or any other warranty,
express or implied, with respect to such information, and we assume no liability resulting from its
use. Users should make their own investigations to determine the suitability of the information for
their particular purposes.

Multi-region format
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SAFETY DATA SHEET
Order Number

Customer Number

Identification of the substance/preparation and of the company/undertaking

1.

: Eicosapentaenoic Acid

Product name

: 324875

Supplier

: EMD Biosciences, Inc.
10394 Pacific Center Court
San Diego, CA 92121
(858)450-5558/(800)854-3417
FAX: (858)453-3552

: C20H30O2

Chemical formula

Synonym

Catalog #

:

C20:5 omega-3

5,8,11,14,17-Eicosapentaenoic Acid
EPA

Emergency telephone
number

2.

Composition / information on ingredients
: Substance

Substance/Preparation
Chemical name*

CAS No.

C20:5 omega-3
5,8,11,14,17-Eicosapentaenoic Acid
EPA

3.

: Call Chemtrec®
(800)424-9300 (within U.S.A.)
(703)527-3887 (outside U.S.A.)

10417-94-4

EC Number
Not available.

Symbol
-

R-Phrases
-

Hazards identification

Physical/chemical hazards

: Not applicable.

Human health hazards

: No specific hazard.

First-aid measures

4.

First-Aid measures
: If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get medical
attention.
: Do NOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an unconscious
person. If large quantities of this material are swallowed, call a physician immediately. Loosen tight clothing such as a
collar, tie, belt or waistband.
: In case of contact, immediately flush skin with plenty of water. Remove contaminated clothing and shoes. Wash clothing
before reuse. Thoroughly clean shoes before reuse. Get medical attention.
: Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least 15
minutes. Get medical attention.

Inhalation
Ingestion

Skin Contact
Eye Contact

Aggravating conditions

5.

: Repeated or prolonged exposure is not known to aggravate medical condition.

Fire-fighting measures

Flammability of the Product

: May be combustible at high temperature.

Extinguishing Media
Suitable
Hazardous thermal (de)composition
products

: SMALL FIRE: Use DRY chemical powder.
LARGE FIRE: Use water spray, fog or foam. Do not use water jet.
: These products are carbon oxides (CO, CO2).

Special fire-fighting procedures

: Fire fighters should wear positive pressure self-contained breathing apparatus (SCBA) and full turnout gear.

Protection of fire-fighters

: Be sure to use an approved/certified respirator or equivalent.

Catalog #
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Accidental release measures

6.

Personal precautions

: Splash goggles. Full suit. Boots. Gloves. Suggested protective clothing might not be sufficient; consult a specialist
BEFORE handling this product.

Small Spill and Leak

:

Absorb with an inert material and put the spilled material in an appropriate waste disposal.

Large Spill and Leak

:

Absorb with an inert material and put the spilled material in an appropriate waste disposal.

Handling and storage

7.

Handling

: Keep away from heat. Keep away from sources of ignition. Empty containers pose a fire risk, evaporate the residue under
a fume hood. Ground all equipment containing material. Do not breathe gas/fumes/ vapor/spray.

Storage

: Keep container tightly closed. Keep container in a cool, well-ventilated area. Do not store above -20°C (-4°F).

Packaging materials
: Use original container.

Recommended use

Exposure controls/personal protection

8.

Engineering measures

: Provide exhaust ventilation or other engineering controls to keep the airborne concentrations of vapors below their
respective threshold limit value. Ensure that eyewash stations and safety showers are proximal to the work -station location.

Hygiene measures

: Wash hands after handling compounds and before eating, smoking, using lavatory, and at the end of day.

Ingredient Name
Eicosapentaenoic Acid

Occupational Exposure Limits
Not available.

Personal protective equipment
Skin and body

: Lab coat.

Eyes

: Safety glasses.

Protective Clothing (Pictograms)

:

Physical and chemical properties

9.

Physical state

: Liquid. (Oily liquid.)

Color

: Clear

Molecular Weight

: 302.5 g/mole

Solubility

: Easily soluble in methanol.

Flash point

: Not available.

Explosive properties

: Risks of explosion of the product in presence of mechanical impact: Not available.
Risks of explosion of the product in presence of static discharge: Not available.

10. Stability and reactivity
: The product is stable.

Stability
Conditions to avoid

: Sensitive to light.

Hazardous Decomposition Products

: These products are carbon oxides (CO, CO2).

11. Toxicological information
RTECS #

: JX3820000

Local effects
: Not available.

Skin irritation

: LD50: Not available.
LC50: Not available.
: Repeated or prolonged exposure is not known to aggravate medical condition.

Acute toxicity
Chronic toxicity
Other Toxic Effects on Humans

: Not available.
No specific information is available in our database regarding the other toxic effects of this material for humans.
Not available.
Not available.
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Carcinogenic effects

: Not available.

Mutagenic effects

: Not available.

Reproduction toxicity

: Not available.

Teratogenic effects

: Not available.

12. Ecological information
Ecotoxicity

: Not available.

Toxicity of the Products of
Biodegradation

: The product itself and its products of degradation are not toxic.

13. Disposal considerations
Methods of disposal; Waste of residues;
Contaminated packaging

: Waste must be disposed of in accordance with federal, state and local environmental control regulations.

14. Transport information
International transport regulations
Land - Road/Railway
ADR/RID Class

: Not controlled under ADR (Europe).

Sea
: Not controlled under IMDG.

IMDG Class
Air
IATA-DGR Class
Special Provisions for
Transport

: Not controlled under IATA.
Not applicable.

15. Regulatory information
EU Regulations
Risk Phrases

: This product is not classified according to the EU regulations.

HCS Classification

: TSCA: No products were found.
SARA 302/304/311/312 extremely hazardous substances: No products were found.
SARA 302/304 emergency planning and notification: No products were found.
SARA 302/304/311/312 hazardous chemicals: No products were found.
SARA 311/312 MSDS distribution - chemical inventory - hazard identification: No products were found.
SARA 313 toxic chemical notification and release reporting: No products were found.
Clean Water Act (CWA) 307: No products were found.
Clean Water Act (CWA) 311: No products were found.
Clean air act (CAA) 112 accidental release prevention: No products were found.
Clean air act (CAA) 112 regulated flammable substances: No products were found.
Clean air act (CAA) 112 regulated toxic substances: No products were found.
: Not controlled under the HCS (United States).

State Regulations

:

U.S. Federal Regulations

WHMIS (Canada)

: Not controlled under WHMIS (Canada).
No products were found.

16. Other information
Hazardous Material
Information System
(U.S.A.)

Health

0

Fire Hazard

1

Reactivity

PersonalProtection

0
A

National Fire
Protection Association
(U.S.A.)

1
Health

0

Fire Hazard

0Reactivity
Specific Hazard

Notice to Reader
To the best of our knowledge, the information contained herein is accurate. However, neither the above named supplier nor any of its subsidiaries assumes any
liability whatsoever for the accuracy or completeness of the information contained herein.
Final determination of suitability of any material is the sole responsibility of the user. All materials may present unknown hazards and should be used with
caution. Although certain hazards are described herein, we cannot guarantee that these are the only hazards that exist. **This product is intended for research
use only.**
Catalog #

324875

Date of issue

8/24/2005.
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Material Safety Data Sheet
Glycerol Formal MSDS
Section 1: Chemical Product and Company Identification
Product Name: Glycerol Formal

Contact Information:
Sciencelab.com, Inc.
14025 Smith Rd.
Houston, Texas 77396

Catalog Codes: SLG1555
CAS#: 4740-78-7 and 5464-28-8
RTECS: JH8390000
TSCA: TSCA 8(b) inventory: No products were found.
CI#: Not available.
Synonym: Glycerol formal is a mixture of isomeric alpha
and beta forms prepared from glycerin and formaldehyde;
Methylidinoglycerol; Glicerinformal; Sericosol

US Sales: 1-800-901-7247
International Sales: 1-281-441-4400
Order Online: ScienceLab.com
CHEMTREC (24HR Emergency Telephone), call:
1-800-424-9300
International CHEMTREC, call: 1-703-527-3887
For non-emergency assistance, call: 1-281-441-4400

Chemical Name: Glycerol Formal
Chemical Formula: C4-H8-O3

Section 2: Composition and Information on Ingredients
Composition:
Name

CAS #

% by Weight

Glycerol Formal

4740-78-7 and

100

5464-28-8
Toxicological Data on Ingredients: Glycerol Formal: ORAL (LD50): Acute: 8000 mg/kg [Mouse] [RTECS data for
1,3-dioxolane-4-methanol (the isomeric beta form)].

Section 3: Hazards Identification
Potential Acute Health Effects: Hazardous in case of skin contact (irritant), of eye contact (irritant), of ingestion, of inhalation.
Potential Chronic Health Effects:
CARCINOGENIC EFFECTS: Not available. MUTAGENIC EFFECTS: Not available. TERATOGENIC EFFECTS: Not available.
DEVELOPMENTAL TOXICITY: Not available. Repeated or prolonged exposure is not known to aggravate medical condition.

Section 4: First Aid Measures
Eye Contact:
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Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least
15 minutes. Get medical attention.
Skin Contact:
In case of contact, immediately flush skin with plenty of water. Cover the irritated skin with an emollient. Remove contaminated
clothing and shoes. Wash clothing before reuse. Thoroughly clean shoes before reuse. Get medical attention.
Serious Skin Contact:
Wash with a disinfectant soap and cover the contaminated skin with an anti-bacterial cream. Seek medical attention.
Inhalation:
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get
medical attention.
Serious Inhalation: Not available.
Ingestion:
Do NOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an unconscious
person. Loosen tight clothing such as a collar, tie, belt or waistband. Get medical attention if symptoms appear.
Serious Ingestion: Not available.

Section 5: Fire and Explosion Data
Flammability of the Product: May be combustible at high temperature.
Auto-Ignition Temperature: 400°C (752°F)
Flash Points: CLOSED CUP: 97°C (206.6°F).
Flammable Limits: Not available.
Products of Combustion: These products are carbon oxides (CO, CO2).
Fire Hazards in Presence of Various Substances:
Slightly flammable to flammable in presence of open flames and sparks, of heat. Non-flammable in presence of shocks.
Explosion Hazards in Presence of Various Substances:
Risks of explosion of the product in presence of mechanical impact: Not available. Risks of explosion of the product in
presence of static discharge: Not available.
Fire Fighting Media and Instructions:
SMALL FIRE: Use DRY chemical powder. LARGE FIRE: Use water spray, fog or foam. Do not use water jet.
Special Remarks on Fire Hazards: Not available.
Special Remarks on Explosion Hazards: Not available.

Section 6: Accidental Release Measures
Small Spill: Absorb with an inert material and put the spilled material in an appropriate waste disposal.
Large Spill:
Absorb with an inert material and put the spilled material in an appropriate waste disposal. Finish cleaning by spreading water
on the contaminated surface and allow to evacuate through the sanitary system.

Section 7: Handling and Storage
Precautions:
Keep away from heat. Keep away from sources of ignition. Empty containers pose a fire risk, evaporate the residue under a fume
hood. Ground all equipment containing material. Do not ingest. Do not breathe gas/fumes/ vapor/spray. Wear suitable
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protective clothing. In case of insufficient ventilation, wear suitable respiratory equipment. If ingested, seek medical advice
immediately and show the container or the label. Avoid contact with skin and eyes. Keep away from incompatibles such as
oxidizing agents.
Storage:
Hygroscopic. Keep container tightly closed. Keep container in a cool, well-ventilated area. Do not store above 24°C (75.2°F).

Section 8: Exposure Controls/Personal Protection
Engineering Controls:
Provide exhaust ventilation or other engineering controls to keep the airborne concentrations of vapors below their
respective threshold limit value. Ensure that eyewash stations and safety showers are proximal to the work-station location.
Personal Protection:
Splash goggles. Lab coat. Vapor respirator. Be sure to use an approved/certified respirator or equivalent. Gloves.
Personal Protection in Case of a Large Spill:
Splash goggles. Full suit. Vapor respirator. Boots. Gloves. A self contained breathing apparatus should be used to avoid
inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling this
product.
Exposure Limits: Not available.

Section 9: Physical and Chemical Properties
Physical state and appearance: Liquid.
Odor: Odorless.
Taste: Not available.
Molecular Weight: 104.11 g/mole
Color: Colorless.
pH (1% soln/water): Not available.
Boiling Point: 194°C (381.2°F)
Melting Point: Not available.
Critical Temperature: Not available.
Specific Gravity: 1.215 (Water = 1)
Vapor Pressure: Not available.
Vapor Density: Not available.
Volatility: Not available.
Odor Threshold: Not available.
Water/Oil Dist. Coeff.: Not available.
Ionicity (in Water): Not available.
Dispersion Properties: Not available.
Solubility: Organic solvents

Section 10: Stability and Reactivity Data
Stability: The product is stable.
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Instability Temperature: Not available.
Conditions of Instability: Excess heat, incompatible materials, moisture
Incompatibility with various substances: Reactive with oxidizing agents.
Corrosivity: Not available.
Special Remarks on Reactivity: Hygroscopic
Special Remarks on Corrosivity: Not available.
Polymerization: Will not occur.

Section 11: Toxicological Information
Routes of Entry: Absorbed through skin. Eye contact.
Toxicity to Animals:
Acute oral toxicity (LD50): 8000 mg/kg [Mouse [RTECS data for 1,3-dioxolane-4-methanol (the isomeric beta form)]].
Chronic Effects on Humans: Not available.
Other Toxic Effects on Humans: Hazardous in case of skin contact (irritant), of ingestion, of inhalation.
Special Remarks on Toxicity to Animals: Not available.
Special Remarks on Chronic Effects on Humans:
According to the RTECS database, the isomeric beta form (1,3-Dioxolane-4-methanol )may cause adverse reproductive
effects (female fertility), and birth defects based on animal data. No information was found for the alpha and beta mixture
Special Remarks on other Toxic Effects on Humans:
Acute Potential Health Effects: Skin: May cause skin irritation. Eyes: Dust may cause eye irritation. Inhalation: May cause
respiratory tract irritation. Ingestion: May cause gastrointestinal (digestive) tract irritation. According to the RTECS database,
the isomeric beta form (1,3-Dioxolane-4methanol) may affect behavior if ingested. Chronic Potential Health Effects: no
information found. The toxicological properties of this substance have not been fully investigated.

Section 12: Ecological Information
Ecotoxicity: Not available.
BOD5 and COD: Not available.
Products of Biodegradation:
Possibly hazardous short term degradation products are not likely. However, long term degradation products may arise.
Toxicity of the Products of Biodegradation: The product itself and its products of degradation are not toxic.
Special Remarks on the Products of Biodegradation: Not available.

Section 13: Disposal Considerations
Waste Disposal:
Waste must be disposed of in accordance with federal, state and local environmental control regulations.

Section 14: Transport Information
DOT Classification: Not a DOT controlled material (United States).
Identification: Not applicable.
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Special Provisions for Transport: Not applicable.

Section 15: Other Regulatory Information
Federal and State Regulations: No products were found.
Other Regulations: EINECS: This product is on the European Inventory of Existing Commercial Chemical Substances.
Other Classifications:
WHMIS (Canada): CLASS D-2B: Material causing other toxic effects (TOXIC).
DSCL (EEC):
R36/38- Irritating to eyes and skin. S24/25- Avoid contact with skin and eyes. S28- After contact with skin, wash
immediately with plenty of water. S37- Wear suitable gloves. S45- In case of accident or if you feel unwell, seek medical
advice immediately (show the label where possible).
HMIS (U.S.A.):
Health Hazard: 2
Fire Hazard: 1
Reactivity: 0
Personal Protection: h
National Fire Protection Association (U.S.A.):
Health: 1
Flammability: 1
Reactivity: 0
Specific hazard:
Protective Equipment:
Gloves. Lab coat. Vapor respirator. Be sure to use an approved/certified respirator or equivalent. Wear appropriate
respirator when ventilation is inadequate. Splash goggles.

Section 16: Other Information
References: Not available.
Other Special Considerations: Not available.
Created: 10/09/2005 05:39 PM
Last Updated: 05/21/2013 12:00 PM
The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we
assume no liability resulting from its use. Users should make their own investigations to determine the suitability of the
information for their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any
third party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even
if ScienceLab.com has been advised of the possibility of such damages.
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Material Safety Data Sheet
Hexanes MSDS
Section 1: Chemical Product and Company Identification
Product Name: Hexanes

Contact Information:
Sciencelab.com, Inc.
14025 Smith Rd.
Houston, Texas 77396

Catalog Codes: SLH2335, SLH2032

CAS#: 110-54-3

US Sales: 1-800-901-7247
International Sales: 1-281-441-4400

RTECS: MN9275000
TSCA: TSCA 8(b) inventory: Hexane

Order Online: ScienceLab.com

CI#: Not applicable.
Synonym:

CHEMTREC (24HR Emergency Telephone), call:
1-800-424-9300

Chemical Name: Hexane

International CHEMTREC, call: 1-703-527-3887

Chemical Formula: C6-H14

For non-emergency assistance, call: 1-281-441-4400

Section 2: Composition and Information on Ingredients
Composition:
Name

CAS #

% by Weight

Hexanes

110-54-3

98.5-99.9

Toxicological Data on Ingredients: Hexane: ORAL (LD50): Acute: 25000 mg/kg [Rat].

Section 3: Hazards Identification
Potential Acute Health Effects:
Hazardous in case of skin contact (permeator), of ingestion, of inhalation. Slightly hazardous in case of skin contact (irritant),
of eye contact (irritant).
Potential Chronic Health Effects:
CARCINOGENIC EFFECTS: Not available. MUTAGENIC EFFECTS: Mutagenic for bacteria and/or yeast.
TERATOGENIC EFFECTS: Not available. DEVELOPMENTAL TOXICITY: Not available. The substance may be toxic to
peripheral nervous system, skin, central nervous system (CNS). Repeated or prolonged exposure to the substance can
produce target organs damage.

Section 4: First Aid Measures
Eye Contact:
p. 1

Check for and remove any contact lenses. Immediately flush eyes with running water for at least 15 minutes, keeping eyelids
open. Get medical attention if irritation occurs.
Skin Contact: Wash with soap and water. Cover the irritated skin with an emollient. Get medical attention if irritation develops.

Serious Skin Contact:
Wash with a disinfectant soap and cover the contaminated skin with an anti-bacterial cream. Seek medical attention.
Inhalation:
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get
medical attention if symptoms appear.
Serious Inhalation:
Evacuate the victim to a safe area as soon as possible. Loosen tight clothing such as a collar, tie, belt or waistband. If
breathing is difficult, administer oxygen. If the victim is not breathing, perform mouth-to-mouth resuscitation. Seek
medical attention.
Ingestion:
Do NOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an unconscious
person. Loosen tight clothing such as a collar, tie, belt or waistband. Get medical attention if symptoms appear.
Serious Ingestion: Not available.

Section 5: Fire and Explosion Data
Flammability of the Product: Flammable.
Auto-Ignition Temperature: 225°C (437°F)
Flash Points: CLOSED CUP: -22.5°C (-8.5°F). (TAG)
Flammable Limits: LOWER: 1.15% UPPER: 7.5%
Products of Combustion: These products are carbon oxides (CO, CO2).
Fire Hazards in Presence of Various Substances:
Highly flammable in presence of open flames and sparks, of heat. Non-flammable in presence of shocks.
Explosion Hazards in Presence of Various Substances:
Risks of explosion of the product in presence of mechanical impact: Not available. Risks of explosion of the product in
presence of static discharge: Not available.
Fire Fighting Media and Instructions:
Flammable liquid, insoluble in water. SMALL FIRE: Use DRY chemical powder. LARGE FIRE: Use water spray or fog.
Special Remarks on Fire Hazards:
Extremely flammable liquid and vapor. Vapor may cause flash fire.
Special Remarks on Explosion Hazards: Not available.

Section 6: Accidental Release Measures
Small Spill: Absorb with an inert material and put the spilled material in an appropriate waste disposal.
Large Spill:
Flammable liquid, insoluble in water. Keep away from heat. Keep away from sources of ignition. Stop leak if without risk. Absorb
with DRY earth, sand or other non-combustible material. Do not get water inside container. Do not touch spilled material. Prevent
entry into sewers, basements or confined areas; dike if needed. Call for assistance on disposal. Be careful that the product is not
present at a concentration level above TLV. Check TLV on the MSDS and with local authorities.

Section 7: Handling and Storage
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Precautions:
Keep locked up.. Keep away from heat. Keep away from sources of ignition. Ground all equipment containing material.
Do not ingest. Do not breathe gas/fumes/ vapor/spray. Avoid contact with skin. Wear suitable protective clothing. In case
of insufficient ventilation, wear suitable respiratory equipment. If ingested, seek medical advice immediately and show the
container or the label. Keep away from incompatibles such as oxidizing agents.
Storage:
Store in a segregated and approved area. Keep container in a cool, well-ventilated area. Keep container tightly closed and
sealed until ready for use. Avoid all possible sources of ignition (spark or flame).

Section 8: Exposure Controls/Personal Protection
Engineering Controls:
Provide exhaust ventilation or other engineering controls to keep the airborne concentrations of vapors below their
respective threshold limit value. Ensure that eyewash stations and safety showers are proximal to the work-station location.
Personal Protection:
Safety glasses. Lab coat. Vapor respirator. Be sure to use an approved/certified respirator or equivalent. Gloves (impervious).
Personal Protection in Case of a Large Spill:
Splash goggles. Full suit. Vapor respirator. Boots. Gloves. A self contained breathing apparatus should be used to avoid
inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling this
product.
Exposure Limits:
TWA: 500 (ppm) from OSHA (PEL) [United States] Inhalation TWA: 1800 (mg/m3) from OSHA (PEL) [United States] Inhalation
TWA: 176 (mg/m3) from ACGIH (TLV) [United States] SKIN TWA: 50 (ppm) from ACGIH (TLV) [United States] SKIN TWA:
500 STEL: 1000 (ppm) from ACGIH (TLV) [United States] Inhalation TWA: 1760 STEL: 3500 (mg/m3) from ACGIH (TLV)
[United States] Inhalation Consult local authorities for acceptable exposure limits.

Section 9: Physical and Chemical Properties
Physical state and appearance: Liquid.
Odor: Gasoline-like or petroleum-like (Slight.)
Taste: Not available.
Molecular Weight: 86.18g/mole
Color: Clear Colorless.
pH (1% soln/water): Not applicable.
Boiling Point: 68°C (154.4°F)
Melting Point: -95°C (-139°F)
Critical Temperature: Not available.
Specific Gravity: 0.66 (Water = 1)
Vapor Pressure: 17.3 kPa (@ 20°C)
Vapor Density: 2.97 (Air = 1)
Volatility: Not available.
Odor Threshold: 130 ppm
Water/Oil Dist. Coeff.: The product is more soluble in oil; log(oil/water) = 3.9
Ionicity (in Water): Not available.
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Dispersion Properties: See solubility in water, diethyl ether, acetone.
Solubility:
Soluble in diethyl ether, acetone. Insoluble in cold water, hot water.

Section 10: Stability and Reactivity Data
Stability: The product is stable.
Instability Temperature: Not available.
Conditions of Instability: Heat, ingnition sources, incompatibles.
Incompatibility with various substances: Reactive with oxidizing agents.
Corrosivity: Not available.
Special Remarks on Reactivity: Hexane can react vigorously with strong oxidizers (e.g. chlorine, bromine, fluorine)
Special Remarks on Corrosivity: Not available.
Polymerization: Will not occur.

Section 11: Toxicological Information
Routes of Entry: Absorbed through skin. Dermal contact. Inhalation. Ingestion.
Toxicity to Animals:
WARNING: THE LC50 VALUES HEREUNDER ARE ESTIMATED ON THE BASIS OF A 4-HOUR EXPOSURE. Acute
oral toxicity (LD50): 25000 mg/kg [Rat]. Acute toxicity of the gas (LC50): 48000 ppm 4 hours [Rat].
Chronic Effects on Humans:
MUTAGENIC EFFECTS: Mutagenic for bacteria and/or yeast. May cause damage to the following organs: peripheral nervous
system, skin, central nervous system (CNS).
Other Toxic Effects on Humans:
Very hazardous in case of ingestion, of inhalation. Hazardous in case of skin contact (permeator). Slightly hazardous in case
of skin contact (irritant).
Special Remarks on Toxicity to Animals: Not available.
Special Remarks on Chronic Effects on Humans:
May cause adverse reproductive effects based on animal data. May be tumorigenic based on animal data. May affect
genetic material. Passes through the placental barrier in animal.
Special Remarks on other Toxic Effects on Humans:
Acute Potential Health Effects: Skin: May cause mild skin irritation. It can be absorbed through the skin in harmful amounts.
Eyes: May cause mild eye irritation. Inhalation: May be harmful if inhaled. Inhalation of vapors may cause respiratory tract
irritation. Overexposure may affect, brain, spinal cord, behavior/central and peripheral nervous systems (lightheadness,
dizziness, hallucinations, paralysis, blurred vision, memory loss, headache, euphoria, general anesthetic, muscle weakness,
numbness of the extremeties, asphyxia, unconciousness and possible death), metabolism, respiration, blood, cardiovascular
system, gastrointestinal system (nausea) Ingestion: May be harmful if swallowed. May cause gastrointestinal tract irritation
with abdominal pain and nausea. May also affect the liver, blood, brain, peripheral and central nervous systems. Symptoms of
over exposure by ingestion are similar to that of overexposure by inhalation.

Section 12: Ecological Information
Ecotoxicity: Not available.
BOD5 and COD: Not available.
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Products of Biodegradation:
Possibly hazardous short term degradation products are not likely. However, long term degradation products may arise.
Toxicity of the Products of Biodegradation: The product itself and its products of degradation are not toxic.
Special Remarks on the Products of Biodegradation: Not available.

Section 13: Disposal Considerations
Waste Disposal:
Waste must be disposed of in accordance with federal, state and local environmental control regulations.

Section 14: Transport Information
DOT Classification: CLASS 3: Flammable liquid.
Identification: : Hexane UNNA: 1208 PG: II
Special Provisions for Transport: Not available.

Section 15: Other Regulatory Information
Federal and State Regulations:
Connecticut hazardous material survey.: Hexanes Illinois toxic substances disclosure to employee act: Hexanes Illinois chemical
safety act: Hexanes New York release reporting list: Hexanes Rhode Island RTK hazardous substances: Hexanes Pennsylvania
RTK: Hexanes Florida: Hexanes Minnesota: Hexanes Massachusetts RTK: Hexanes Massachusetts spill
list: Hexanes New Jersey: Hexanes New Jersey spill list: Hexanes Louisiana spill reporting: Hexanes TSCA 8(b) inventory:
Hexanes SARA 313 toxic chemical notification and release reporting: Hexanes CERCLA: Hazardous substances.: Hexanes:
5000 lbs. (2268 kg)
Other Regulations:
OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200). EINECS: This product is on
the European Inventory of Existing Commercial Chemical Substances.
Other Classifications:
WHMIS (Canada):
CLASS B-2: Flammable liquid with a flash point lower than 37.8°C (100°F). CLASS D-2B: Material causing other toxic effects
(TOXIC).
DSCL (EEC):
R11- Highly flammable. R20- Harmful by inhalation. R38- Irritating to skin. R51/53- Toxic to aquatic organisms, may cause
long-term adverse effects in the aquatic environment. R62- Possible risk of impaired fertility. R65- Harmful: may cause lung
damage if swallowed. R67- Vapors may cause drowsiness or dizziness. S9- Keep container in a well-ventilated place. S16Keep away from sources of ignition - No smoking. S29- Do not empty into drains. S33- Take precautionary measures against
static discharges. S36/37- Wear suitable protective clothing and gloves. S61- Avoid release to the environment. Refer to
special instructions/Safety data sheets. S62- If swallowed, do not induce vomiting: seek medical advice immediately and show
this
HMIS (U.S.A.):
Health Hazard: 2
Fire Hazard: 3
Reactivity: 0
Personal Protection: g
National Fire Protection Association (U.S.A.):
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Health: 1
Flammability: 3
Reactivity: 0
Specific hazard:
Protective Equipment:
Gloves (impervious). Lab coat. Vapor respirator. Be sure to use an approved/certified respirator or equivalent. Wear
appropriate respirator when ventilation is inadequate. Safety glasses.

Section 16: Other Information
References: Not available.
Other Special Considerations: Not available.
Created: 10/10/2005 08:19 PM
Last Updated: 05/21/2013 12:00 PM
The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we
assume no liability resulting from its use. Users should make their own investigations to determine the suitability of the
information for their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any
third party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even
if ScienceLab.com has been advised of the possibility of such damages.

p. 6

0
3

1

He a lt h

3

Fire

0

Re a c t iv it y

1

P e rs o n a l
P ro t e c t io n

Material Safety Data Sheet
Hydrochloric acid MSDS
Section 1: Chemical Product and Company Identification
Product Name: Hydrochloric acid

Contact Information:
Sciencelab.com, Inc.
14025 Smith Rd.
Houston, Texas 77396

Catalog Codes: SLH1462, SLH3154
CAS#: Mixture.

US Sales: 1-800-901-7247
International Sales: 1-281-441-4400

RTECS: MW4025000
TSCA: TSCA 8(b) inventory: Hydrochloric acid

Order Online: ScienceLab.com

CI#: Not applicable.
Synonym: Hydrochloric Acid; Muriatic Acid

CHEMTREC (24HR Emergency Telephone), call:
1-800-424-9300

Chemical Name: Not applicable.

International CHEMTREC, call: 1-703-527-3887

Chemical Formula: Not applicable.

For non-emergency assistance, call: 1-281-441-4400

Section 2: Composition and Information on Ingredients
Composition:
Name

CAS #

% by Weight

Hydrogen chloride

7647-01-0

20-38

Water

7732-18-5

62-80

Toxicological Data on Ingredients: Hydrogen chloride: GAS (LC50): Acute: 4701 ppm 0.5 hours [Rat].

Section 3: Hazards Identification
Potential Acute Health Effects:
Very hazardous in case of skin contact (corrosive, irritant, permeator), of eye contact (irritant, corrosive), of ingestion, . Slightly
hazardous in case of inhalation (lung sensitizer). Non-corrosive for lungs. Liquid or spray mist may produce tissue damage
particularly on mucous membranes of eyes, mouth and respiratory tract. Skin contact may produce burns. Inhalation of the
spray mist may produce severe irritation of respiratory tract, characterized by coughing, choking, or shortness of breath.
Severe over-exposure can result in death. Inflammation of the eye is characterized by redness, watering, and itching. Skin
inflammation is characterized by itching, scaling, reddening, or, occasionally, blistering.
Potential Chronic Health Effects:
Slightly hazardous in case of skin contact (sensitizer). CARCINOGENIC EFFECTS: Classified 3 (Not classifiable for human.)
by IARC [Hydrochloric acid]. MUTAGENIC EFFECTS: Not available. TERATOGENIC EFFECTS: Not available.
DEVELOPMENTAL TOXICITY: Not available. The substance may be toxic to kidneys, liver, mucous membranes, upper
respiratory tract, skin, eyes, Circulatory System, teeth. Repeated or prolonged exposure to the substance can produce target
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organs damage. Repeated or prolonged contact with spray mist may produce chronic eye irritation and severe skin irritation.
Repeated or prolonged exposure to spray mist may produce respiratory tract irritation leading to frequent attacks of bronchial
infection. Repeated exposure to a highly toxic material may produce general deterioration of health by an accumulation in
one or many human organs.

Section 4: First Aid Measures
Eye Contact:
Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least
15 minutes. Cold water may be used. Get medical attention immediately.
Skin Contact:
In case of contact, immediately flush skin with plenty of water for at least 15 minutes while removing contaminated clothing
and shoes. Cover the irritated skin with an emollient. Cold water may be used.Wash clothing before reuse. Thoroughly
clean shoes before reuse. Get medical attention immediately.
Serious Skin Contact:
Wash with a disinfectant soap and cover the contaminated skin with an anti-bacterial cream. Seek immediate medical
attention.
Inhalation:
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get
medical attention immediately.
Serious Inhalation:
Evacuate the victim to a safe area as soon as possible. Loosen tight clothing such as a collar, tie, belt or waistband. If
breathing is difficult, administer oxygen. If the victim is not breathing, perform mouth-to-mouth resuscitation. WARNING: It may
be hazardous to the person providing aid to give mouth-to-mouth resuscitation when the inhaled material is toxic, infectious or
corrosive. Seek immediate medical attention.
Ingestion:
If swallowed, do not induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an
unconscious person. Loosen tight clothing such as a collar, tie, belt or waistband. Get medical attention immediately.
Serious Ingestion: Not available.

Section 5: Fire and Explosion Data
Flammability of the Product: Non-flammable.
Auto-Ignition Temperature: Not applicable.
Flash Points: Not applicable.
Flammable Limits: Not applicable.
Products of Combustion: Not available.
Fire Hazards in Presence of Various Substances: of metals
Explosion Hazards in Presence of Various Substances: Non-explosive in presence of open flames and sparks, of shocks.
Fire Fighting Media and Instructions: Not applicable.
Special Remarks on Fire Hazards:
Non combustible. Calcium carbide reacts with hydrogen chloride gas with incandescence. Uranium phosphide reacts with
hydrochloric acid to release spontaneously flammable phosphine. Rubidium acetylene carbides burns with slightly warm
hydrochloric acid. Lithium silicide in contact with hydrogen chloride becomes incandescent. When dilute hydrochloric acid is
used, gas spontaneously flammable in air is evolved. Magnesium boride treated with concentrated hydrochloric acid produces
spontaneously flammble gas. Cesium acetylene carbide burns hydrogen chloride gas. Cesium carbide ignites in contact with
hydrochloric acid unless acid is dilute. Reacts with most metals to produce flammable Hydrodgen gas.
Special Remarks on Explosion Hazards:
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Hydrogen chloride in contact with the following can cause an explosion, ignition on contact, or other violent/vigorous reaction:
Acetic anhydride AgClO + CCl4 Alcohols + hydrogen cyanide, Aluminum Aluminum-titanium alloys (with HCl vapor), 2-Amino
ethanol, Ammonium hydroxide, Calcium carbide Ca3P2 Chlorine + dinitroanilines (evolves gas), Chlorosulfonic acid Cesium
carbide Cesium acetylene carbide, 1,1-Difluoroethylene Ethylene diamine Ethylene imine, Fluorine, HClO4 Hexalithium
disilicide H2SO4 Metal acetylides or carbides, Magnesium boride, Mercuric sulfate, Oleum, Potassium permanganate, betaPropiolactone Propylene oxide Rubidium carbide, Rubidium, acetylene carbide Sodium (with aqueous HCl), Sodium
hydroxide Sodium tetraselenium, Sulfonic acid, Tetraselenium tetranitride, U3P4 , Vinyl acetate. Silver perchlorate with
carbon tetrachloride in the presence of hydrochloric acid produces trichloromethyl perchlorate which detonates at 40 deg. C.

Section 6: Accidental Release Measures
Small Spill:
Dilute with water and mop up, or absorb with an inert dry material and place in an appropriate waste disposal container. If
necessary: Neutralize the residue with a dilute solution of sodium carbonate.
Large Spill:
Corrosive liquid. Poisonous liquid. Stop leak if without risk. Absorb with DRY earth, sand or other non-combustible material.
Do not get water inside container. Do not touch spilled material. Use water spray curtain to divert vapor drift. Use water spray
to reduce vapors. Prevent entry into sewers, basements or confined areas; dike if needed. Call for assistance on disposal.
Neutralize the residue with a dilute solution of sodium carbonate. Be careful that the product is not present at a concentration
level above TLV. Check TLV on the MSDS and with local authorities.

Section 7: Handling and Storage
Precautions:
Keep locked up.. Keep container dry. Do not ingest. Do not breathe gas/fumes/ vapor/spray. Never add water to this product.
In case of insufficient ventilation, wear suitable respiratory equipment. If ingested, seek medical advice immediately and show
the container or the label. Avoid contact with skin and eyes. Keep away from incompatibles such as oxidizing agents, organic
materials, metals, alkalis, moisture. May corrode metallic surfaces. Store in a metallic or coated fiberboard drum using a strong
polyethylene inner package.
Storage: Keep container tightly closed. Keep container in a cool, well-ventilated area.

Section 8: Exposure Controls/Personal Protection
Engineering Controls:
Provide exhaust ventilation or other engineering controls to keep the airborne concentrations of vapors below their
respective threshold limit value. Ensure that eyewash stations and safety showers are proximal to the work-station location.
Personal Protection:
Face shield. Full suit. Vapor respirator. Be sure to use an approved/certified respirator or equivalent. Gloves. Boots.
Personal Protection in Case of a Large Spill:
Splash goggles. Full suit. Vapor respirator. Boots. Gloves. A self contained breathing apparatus should be used to avoid
inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling this
product.
Exposure Limits:
CEIL: 5 (ppm) from OSHA (PEL) [United States] CEIL: 7 (mg/m3) from OSHA (PEL) [United States] CEIL: 5 from NIOSH
CEIL: 7 (mg/m3) from NIOSH TWA: 1 STEL: 5 (ppm) [United Kingdom (UK)] TWA: 2 STEL: 8 (mg/m3) [United Kingdom
(UK)]Consult local authorities for acceptable exposure limits.

Section 9: Physical and Chemical Properties
Physical state and appearance: Liquid.
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Odor: Pungent. Irritating (Strong.)
Taste: Not available.
Molecular Weight: Not applicable.
Color: Colorless to light yellow.
pH (1% soln/water): Acidic.
Boiling Point:
108.58 C @ 760 mm Hg (for 20.22% HCl in water) 83 C @ 760 mm Hg (for 31% HCl in water) 50.5 C (for 37% HCl in water)
Melting Point:
-62.25°C (-80°F) (20.69% HCl in water) -46.2 C (31.24% HCl in water) -25.4 C (39.17% HCl in water)
Critical Temperature: Not available.
Specific Gravity:
1.1- 1.19 (Water = 1) 1.10 (20%and 22% HCl solutions) 1.12 (24% HCl solution) 1.15 (29.57% HCl solution) 1.16 (32% HCl
solution) 1.19 (37% and 38%HCl solutions)
Vapor Pressure: 16 kPa (@ 20°C) average
Vapor Density: 1.267 (Air = 1)
Volatility: Not available.
Odor Threshold: 0.25 to 10 ppm
Water/Oil Dist. Coeff.: Not available.
Ionicity (in Water): Not available.
Dispersion Properties: See solubility in water, diethyl ether.
Solubility: Soluble in cold water, hot water, diethyl ether.

Section 10: Stability and Reactivity Data
Stability: The product is stable.
Instability Temperature: Not available.
Conditions of Instability: Incompatible materials, water
Incompatibility with various substances:
Highly reactive with metals. Reactive with oxidizing agents, organic materials, alkalis, water.
Corrosivity:
Extremely corrosive in presence of aluminum, of copper, of stainless steel(304), of stainless steel(316). Non-corrosive in
presence of glass.
Special Remarks on Reactivity:
Reacts with water especially when water is added to the product. Absorption of gaseous hydrogen chloride on mercuric
sulfate becomes violent @ 125 deg. C. Sodium reacts very violently with gaseous hydrogen chloride. Calcium phosphide
and hydrochloric acid undergo very energetic reaction. It reacts with oxidizers releasing chlorine gas. Incompatible with,
alkali metals, carbides, borides, metal oxides, vinyl acetate, acetylides, sulphides, phosphides, cyanides, carbonates. Reacts
with most metals to produce flammable Hydrogen gas. Reacts violently (moderate reaction with heat of evolution) with
water especially when water is added to the product. Isolate hydrogen chloride from heat, direct sunlight, alkalies (reacts
vigorously), organic materials, and oxidizers (especially nitric acid and chlorates), amines, metals, copper and alloys (e.g.
brass), hydroxides, zinc (galvanized materials), lithium silicide (incandescence), sulfuric acid(increase in temperature and
pressure) Hydrogen chloride gas is emitted when this product is in contact with sulfuric acid. Adsorption of Hydrochloric Acid
onto silicon dioxide results in exothmeric reaction. Hydrogen chloride causes aldehydes and epoxides to violently polymerize.
Hydrogen chloride or Hydrochloric Acid in contact with the folloiwng can cause explosion or ignition on contact or
Special Remarks on Corrosivity:
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Highly corrosive. Incompatible with copper and copper alloys. It attacks nearly all metals (mercury, gold, platinium, tantalum,
silver, and certain alloys are exceptions). It is one of the most corrosive of the nonoxidizing acids in contact with copper alloys.
No corrosivity data on zinc, steel. Severe Corrosive effect on brass and bronze
Polymerization: Will not occur.

Section 11: Toxicological Information
Routes of Entry: Absorbed through skin. Dermal contact. Eye contact. Inhalation.
Toxicity to Animals:
Acute oral toxicity (LD50): 900 mg/kg [Rabbit]. Acute toxicity of the vapor (LC50): 1108 ppm, 1 hours [Mouse]. Acute toxicity
of the vapor (LC50): 3124 ppm, 1 hours [Rat].
Chronic Effects on Humans:
CARCINOGENIC EFFECTS: Classified 3 (Not classifiable for human.) by IARC [Hydrochloric acid]. May cause damage to
the following organs: kidneys, liver, mucous membranes, upper respiratory tract, skin, eyes, Circulatory System, teeth.
Other Toxic Effects on Humans:
Very hazardous in case of skin contact (corrosive, irritant, permeator), of ingestion, . Hazardous in case of eye
contact (corrosive), of inhalation (lung corrosive).
Special Remarks on Toxicity to Animals:
Lowest Published Lethal Doses (LDL/LCL) LDL [Man] -Route: Oral; 2857 ug/kg LCL [Human] - Route: Inhalation; Dose:
1300 ppm/30M LCL [Rabbit] - Route: Inhalation; Dose: 4413 ppm/30M
Special Remarks on Chronic Effects on Humans:
May cause adverse reproductive effects (fetoxicity). May affect genetic material.
Special Remarks on other Toxic Effects on Humans:
Acute Potential Health Effects: Skin: Corrosive. Causes severe skin irritation and burns. Eyes: Corrosive. Causes severe eye
irritation/conjuntivitis, burns, corneal necrosis. Inhalation: May be fatal if inhaled. Material is extremely destructive to tissue of
the mucous membranes and upper respiratory tract. Inhalation of hydrochloric acid fumes produces nose, throat, and
larryngeal burning, and irritation, pain and inflammation, coughing, sneezing, choking sensation, hoarseness, laryngeal
spasms, upper respiratory tract edema, chest pains, as well has headache, and palpitations. Inhalation of high concentrations
can result in corrosive burns, necrosis of bronchial epithelium, constriction of the larynx and bronchi, nasospetal perforation,
glottal closure, occur, particularly if exposure is prolonged. May affect the liver. Ingestion: May be fatal if swallowed. Causes
irritation and burning, ulceration, or perforation of the gastrointestinal tract and resultant peritonitis, gastric hemorrhage and
infection. Can also cause nausea, vomitting (with "coffee ground" emesis), diarrhea, thirst, difficulty swallowing, salivation,
chills, fever, uneasiness, shock, strictures and stenosis (esophogeal, gastric, pyloric). May affect behavior (excitement), the
cardiovascular system (weak rapid pulse, tachycardia), respiration (shallow respiration), and urinary system (kidneys- renal
failure, nephritis). Acute exposure via inhalation or ingestion can also cause erosion of tooth enamel. Chronic Potential Health
Effects: dyspnea, bronchitis. Chemical pneumonitis and pulmonary edema can also

Section 12: Ecological Information
Ecotoxicity: Not available.
BOD5 and COD: Not available.
Products of Biodegradation:
Possibly hazardous short term degradation products are not likely. However, long term degradation products may arise.
Toxicity of the Products of Biodegradation: The products of degradation are less toxic than the product itself.
Special Remarks on the Products of Biodegradation: Not available.

Section 13: Disposal Considerations
Waste Disposal:
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Waste must be disposed of in accordance with federal, state and local environmental control regulations.

Section 14: Transport Information
DOT Classification: Class 8: Corrosive material
Identification: : Hydrochloric acid, solution UNNA: 1789 PG: II
Special Provisions for Transport: Not available.

Section 15: Other Regulatory Information
Federal and State Regulations:
Connecticut hazardous material survey.: Hydrochloric acid Illinois toxic substances disclosure to employee act: Hydrochloric acid
Illinois chemical safety act: Hydrochloric acid New York release reporting list: Hydrochloric acid Rhode Island RTK hazardous
substances: Hydrochloric acid Pennsylvania RTK: Hydrochloric acid Minnesota: Hydrochloric acid Massachusetts RTK: Hydrochloric
acid Massachusetts spill list: Hydrochloric acid New Jersey: Hydrochloric acid New Jersey spill list: Hydrochloric acid Louisiana RTK
reporting list: Hydrochloric acid Louisiana spill reporting: Hydrochloric acid California Director's List of Hazardous Substances:
Hydrochloric acid TSCA 8(b) inventory: Hydrochloric acid TSCA 4(a) proposed test rules: Hydrochloric acid SARA 302/304/311/312
extremely hazardous substances: Hydrochloric acid SARA 313 toxic chemical notification and release reporting: Hydrochloric acid
CERCLA: Hazardous substances.: Hydrochloric acid: 5000 lbs. (2268 kg)
Other Regulations:
OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200). EINECS: This product is on
the European Inventory of Existing Commercial Chemical Substances.
Other Classifications:
WHMIS (Canada):
CLASS D-2A: Material causing other toxic effects (VERY TOXIC). CLASS E: Corrosive liquid.
DSCL (EEC):
R34- Causes burns. R37- Irritating to respiratory system. S26- In case of contact with eyes, rinse immediately with plenty of
water and seek medical advice. S45- In case of accident or if you feel unwell, seek medical advice immediately (show the label
where possible).
HMIS (U.S.A.):
Health Hazard: 3
Fire Hazard: 0
Reactivity: 1
Personal Protection:
National Fire Protection Association (U.S.A.):
Health: 3
Flammability: 0
Reactivity: 1
Specific hazard:
Protective Equipment:
Gloves. Full suit. Vapor respirator. Be sure to use an approved/certified respirator or equivalent. Wear appropriate
respirator when ventilation is inadequate. Face shield.

Section 16: Other Information
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References:
-Hawley, G.G.. The Condensed Chemical Dictionary, 11e ed., New York N.Y., Van Nostrand Reinold, 1987. -SAX, N.I.
Dangerous Properties of Indutrial Materials. Toronto, Van Nostrand Reinold, 6e ed. 1984. -The Sigma-Aldrich Library of
Chemical Safety Data, Edition II. -Guide de la loi et du règlement sur le transport des marchandises dangeureuses au canada.
Centre de conformité internatinal Ltée. 1986.
Other Special Considerations: Not available.
Created: 10/09/2005 05:45 PM
Last Updated: 05/21/2013 12:00 PM
The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we
assume no liability resulting from its use. Users should make their own investigations to determine the suitability of the
information for their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any
third party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even
if ScienceLab.com has been advised of the possibility of such damages.
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What is the material and what do I need to know in an emergency?

1. PRODUCT IDENTIFICATION

METHANE - CH4, Gaseous
METHANE - CH4, Liquefied (Cryogenic)
Document Number: 001033

CHEMICAL NAME; CLASS:

PRODUCT USE:
Fuel and for general analytic/synthetic chemical uses.
SUPPLIER/MANUFACTURER'S NAME: AIRGAS INC.
ADDRESS:
259 N. Radnor-Chester Road
Suite 100
Radnor, PA 19087-5283
BUSINESS PHONE:
1-610-687-5253
EMERGENCY PHONE:
1-800-949-7937
International: 423-479-0293
DATE OF PREPARATION:
May 12, 1996
REVISION DATE:
January 3, 2001
2. COMPOSITION and INFORMATION ON INGREDIENTS
CHEMICAL NAME

CAS #

mole %

EXPOSURE LIMITS IN AIR
ACGIH
TLV
ppm

Methane
Maximum Impurities

NE = Not Established

74-82-8

> 99%
< 1%

C = Ceiling Limit

OSHA
STEL
ppm

PEL
ppm

STEL
ppm

IDLH
ppm

OTHER

There are no specific exposure limits for Methane. Methane is a simple asphyxiant
(SA). Oxygen levels should be maintained above 19.5%.
None of the trace impurities in this product contribute significantly to the hazards
associated with the product. All hazard information pertinent to this product has been
provided in this Material Safety Data Sheet, per the requirements of the OSHA Hazard
Communication Standard (29 CFR 1910.1200) and State equivalent standards.
See Section 16 for Definitions of Terms Used

NOTE: All WHMIS required information is included. It is located in appropriate sections based on the ANSI Z400.1-1993 format.

METHANE - CH4 MSDS (Document # 001033)
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3. HAZARD IDENTIFICATION
EMERGENCY OVERVIEW:

Methane is an odorless, colorless gas, or a colorless, odorless liquid in its cryogenic
form. Both the liquid and the gas pose a serious fire hazard when accidentally released. The liquid will rapidly boil to the
gas at standard temperatures and pressures. As a gas, it will act as a simple asphyxiant and present a significant health
hazard by displacing the oxygen in the atmosphere. The gas is lighter than air and may spread long distances. Distant
ignition and flashback are possible. The liquefied gas can cause frostbite to any contaminated tissue. Flame or high
temperature impinging on a localized area of the cylinder of Methane can cause the cylinder to rupture without activating
the cylinder’s relief devices. Provide adequate fire protection during emergency response situations. Allow the released gas
to dissipate in the atmosphere.

SYMPTOMS OF OVEREXPOSURE BY ROUTE OF EXPOSURE:
The most significant route of overexposure for this gas is by
inhalation. The following paragraphs describe symptoms of exposure
by route of exposure.
INHALATION: High concentrations of this gas can cause an oxygendeficient environment. Individuals breathing such an atmosphere
may experience symptoms which include headaches, ringing in ears,
dizziness, drowsiness, unconsciousness, nausea, vomiting, and
depression of all the senses. Under some circumstances of
overexposure, death may occur. The effects associated with various
levels of oxygen are as follows:
CONCENTRATION
SYMPTOMS OF EXPOSURE
12-16% Oxygen:
Breathing and pulse rate increased,
muscular coordination slightly disturbed.
10-14% Oxygen:
Emotional
upset,
abnormal
fatigue,
disturbed respiration.
6-10% Oxygen:
Nausea and vomiting, collapse or loss of
consciousness.
Below 6%:
Convulsive movements, possible respiratory
collapse, and death.
OTHER POTENTIAL HEALTH EFFECTS: Contact with cryogenic
liquid or rapidly expanding gases (which are released under high
pressure) may cause frostbite. Symptoms of frostbite include change
in skin color to white or grayish-yellow. The pain after contact with
the liquid can quickly subside.

HAZARDOUS MATERIAL INFORMATION
SYSTEM

HEALTH
FLAMMABILITY
REACTIVITY

1

(BLUE)

(RED)

4

(YELLOW)

0

PROTECTIVE EQUIPMENT
EYESRESPIRATORYHANDS

See
Section 8

B

BODY

See
Section 8

For routine industrial applications

See Section 16 for Definition of Ratings

HEALTH EFFECTS OR RISKS FROM EXPOSURE: An Explanation Lay Terms. Overexposure to Methane may cause
in the following health effects:
ACUTE: The most significant hazard associated with this gas is inhalation of oxygen-deficient atmospheres. Symptoms
of oxygen deficiency include respiratory difficulty, headache, dizziness, and nausea. At high concentrations,
unconsciousness or death may occur. Contact with cryogenic liquid or rapidly expanding gases may cause frostbite.
CHRONIC: There are currently no known adverse health effects associated with chronic exposure to
Methane. TARGET ORGANS: Respiratory system.

PART II

What should I do if a hazardous situation occurs?

4. FIRST-AID MEASURES
RESCUERS SHOULD NOT ATTEMPT TO RETRIEVE VICTIMS OF EXPOSURE TO METHANE
WITHOUT ADEQUATE PERSONAL PROTECTIVE EQUIPMENT. At a minimum, Self-Contained
Breathing Apparatus and Fire-Retardant Personal Protective equipment should be worn.
Adequate fire protection must be provided during rescue situations.

METHANE - CH4 MSDS (Document # 001033)
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4. FIRST-AID MEASURES (Continued)
Remove victim(s) to fresh air as quickly as possible. Trained personnel should administer supplemental oxygen and/or
cardio-pulmonary resuscitation, if necessary. Only trained personnel should administer supplemental oxygen.
In case of frostbite, place the frostbitten part in warm water. DO NOT USE HOT WATER. If warm water is not available,
or is impractical to use, wrap the affected parts gently in blankets. Alternatively, if the fingers or hands are frostbitten,
place the affected area in the armpit, Encourage victim to gently exercise the affected part while being warmed. Seek
immediate medical attention. Victim(s) must be taken for medical attention. Rescuers should be taken for medical
attention, if necessary. Take copy of label and MSDS to physician or other health professional with victim(s).

5. FIRE-FIGHTING MEASURES
METHANE GAS

NFPA RATING

537°C (999°F)

0

FLAMMABILITY

FLAMMABLE LIMITS (in air by
volume, %):

4
1

NFPA RATING

AUTOIGNITION TEMPERATURE:

FLAMMABILITY

HEALTH

LIQUID METHANE

FLASH POINT (Closed Cup):
-187°C (-306°F)

4

REACTIVITY

Lower (LEL): 5.0%
Upper (UEL): 15.0%
OTHER

See Section 16 for Definition of
Ratings

HEALTH

0

3

REACTIVITY

OTHER

FIRE EXTINGUISHING MATERIALS: Extinguish fires of this gas by shutting off the source of the gas. Use water spray
to cool fire-exposed containers, structures, and equipment.
UNUSUAL FIRE AND EXPLOSION HAZARDS: When involved in a fire, this gas will ignite and produce toxic gases
including carbon monoxide and carbon dioxide. An extreme explosion hazard exists in areas in which the gas has been
released, but the material has not yet ignited.
DANGER! Fires impinging (direct flame) on the outside surface of unprotected pressure storage vessels of Methane
can be very dangerous and lead to container failure. The resulting fire and explosion can result in severe equipment
damage and personnel injury or death over a large area around the vessel. For massive fires in large areas, use
unmanned hose holder or monitor nozzles; if this is not possible, withdraw from area and allow fire to burn.
RESPONSE TO FIRE INVOLVING CRYOGEN: Cryogenic liquids can be particularly dangerous during fires because of
their potential to rapidly freeze water. Careless use of water may cause heavy icing. Furthermore, relatively warm water
greatly increases the evaporation rate of Methane. If large concentrations of Methane gas are present, the water vapor
in the surrounding air will condense, creating a dense fog that may make it difficult to find fire exits or equipment. Liquid
Methane, when exposed to the atmosphere, will produce a cloud of ice/fog in the air upon its release. A flammable
mixture will exist within the vapor cloud and it is advisable that personnel keep well outside the area of visible moisture.
Explosion Sensitivity to Mechanical Impact: Not sensitive.
Explosion Sensitivity to Static Discharge: Static discharge may cause Methane to ignite explosively.
SPECIAL FIRE-FIGHTING PROCEDURES: Structural fire-fighters must wear Self-Contained Breathing Apparatus and full
protective equipment. The best fire-fighting technique may be simply to let the burning gas escape from the pressurized
cylinder, tank car, or pipeline. Stop the leak before extinguishing fire. If the fire is extinguished before the leak is sealed, the
still-leaking gas could explosively re-ignite without warning and cause extensive damage, injury, or fatality. In this case,
increase ventilation (in enclosed areas) to prevent flammable or explosive mixture formation. For large releases, consider
evacuation. Refer to the North American Emergency Response Guidebook for additional information.

METHANE - CH4 MSDS (Document # 001033)
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6. ACCIDENTAL RELEASE MEASURES
SPILL AND LEAK RESPONSE: Uncontrolled releases should be responded to by trained personnel using pre-planned
procedures. Proper protective equipment should be used. In case of a release, clear the affected area, protect people, and
respond with trained personnel. Adequate fire protection must be provided. Minimum Personal Protective Equipment should
be Level B: fire-retardant protective clothing, gloves resistant to tears, and Self-Contained Breathing

Apparatus.
Use only non-sparking tools and equipment. Locate and seal the source of the leaking gas. Protect personnel attempting the
shut-off with water-spray. Allow the gas, which is lighter than air, to dissipate. Liquid Methane, when exposed to the
atmosphere, will produce a cloud of ice/fog in the air upon its release. A flammable mixture will exist within the vapor cloud,
and it is advisable that personnel keep well outside the area of visible moisture. If cryogenic liquid is released, keep area clear
and allow the liquid to evaporate. The gas that is then formed should be allowed to dissipate.

Monitor the surrounding area for combustible gas levels and oxygen. The atmosphere must have at least 19.5 percent
oxygen before personnel can be allowed in the area without Self-Contained Breathing Apparatus. Combustible gas
concentration must be below 10% of the LEL (LEL = 5.0%) prior to entry. Attempt to close the main source valve prior to
entering the area. If this does not stop the release (or if it is not possible to reach the valve), allow the gas to release inplace or remove it to a safe area and allow the gas to be released there.
RESPONSE TO CRYOGENIC RELEASE: Clear the affected area and allow the liquid to evaporate and the gas to
dissipate. After the gas is formed, follow the instructions provided in the previous paragraphs. If the area must be
entered by emergency personnel, SCBA, Kevlar gloves, and appropriate foot and leg protection must be worn.
THIS IS AN EXTREMELY FLAMMABLE GAS. Protection of all personnel and the area must be maintained.

PART III How can I prevent hazardous situations from occurring?
7. HANDLING and STORAGE
WORK PRACTICES AND HYGIENE PRACTICES: As with all chemicals, avoid getting Methane IN YOU. Do not eat or
drink while handling chemicals. Be aware of any signs of dizziness or fatigue; exposures to fatal concentrations of
Methane could occur without any significant warning symptoms.
STORAGE AND HANDLING PRACTICES: Cylinders should be stored in dry, well-ventilated areas away from sources
of heat. Compressed gases can present significant safety hazards. Store containers away from heavily trafficked areas
and emergency exits. Post “No Smoking or Open Flames” signs in storage or use areas.
SPECIAL PRECAUTIONS FOR HANDLING GAS CYLINDERS: Protect cylinders against physical damage. Store in cool, dry,
well-ventilated area, away from sources of heat, ignition and direct sunlight. Do not allow area where cylinders are stored to
exceed 52°C (125°F). Isolate from oxidizers such as oxygen, chlorine, or fluorine. Use a check valve or trap in the discharge
line to prevent hazardous backflow. Post “No Smoking or Open Flame” signs in storage and use areas. Cylinders should be
stored upright and be firmly secured to prevent falling or being knocked over. Cylinders can be stored in the open, but in such
cases, should be protected against extremes of weather and from the dampness of the ground to prevent rusting. Never
tamper with pressure relief devices in valves and cylinders. Electrical equipment should be non-sparking or explosion proof.
The following rules are applicable to work situations in which cylinders are being used:
Before Use: Move cylinders with a suitable hand truck. Do not drag, slide, or roll cylinders. Do not drop cylinders or
permit them to strike each other. Secure cylinders firmly. Leave the valve protection cap, if provided, in place until cylinder

is ready for use.
During Use: Use designated CGA fittings and other support equipment. Do not use adapters. Do not heat cylinder by
any means to increase the discharge rate of the product from the cylinder. Use check valve or trap in discharge line to
prevent hazardous backflow into the cylinder. Do not use oils or grease on gas-handling fittings or equipment.
After Use: Close main cylinder valve. Replace valve protection cap, if provided. Mark empty cylinders “EMPTY”.
NOTE: Use only DOT or ASME code containers. Earth-ground and bond all lines and equipment associated with
Methane. Close valve after each use and when empty. Cylinders must not be recharged except by or with the consent
of owner. For additional information refer to the Compressed Gas Association Pamphlet P-1, Safe Handling of
Compressed Gases in Containers. Additionally, refer to CGA Bulletin SB-2 “Oxygen Deficient Atmospheres”.
PROTECTIVE PRACTICES DURING MAINTENANCE OF CONTAMINATED EQUIPMENT: Follow practices indicated
in Section 6 (Accidental Release Measures). Make certain that application equipment is locked and tagged-out safely.
Purge gas handling equipment with inert gas (e.g., nitrogen) before attempting repairs.

METHANE - CH4 MSDS (Document # 001033)
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8. EXPOSURE CONTROLS - PERSONAL PROTECTION
VENTILATION AND ENGINEERING CONTROLS: Use with adequate ventilation. Local exhaust ventilation is preferred,
because it prevents Methane dispersion into the work place by eliminating it at its source. If appropriate, install
automatic monitoring equipment to detect the presence of potentially explosive air-gas mixtures and the level of oxygen.
Monitoring devices should be installed near the ceiling.
RESPIRATORY PROTECTION: Maintain oxygen levels above 19.5% in the workplace. Use supplied air respiratory
protection if oxygen levels are below 19.5% or during emergency response to a release of Methane. If respiratory
protection is required, follow the requirements of the Federal OSHA Respiratory Protection Standard (29 CFR 1910.134)
or equivalent State standards.
EYE PROTECTION: Splash goggles or safety glasses, for protection from rapidly expanding gases and splashes of
liquid Methane.
HAND PROTECTION: Wear gloves resistant to tears when handling cylinders of Methane. Use low-temperature
protective gloves when working with containers of liquid Methane.
BODY PROTECTION: Use body protection appropriate for task. Transfer of large quantities under pressure may require
protective equipment appropriate to protect employees from splashes of liquefied product, as well as fire retardant items.

9. PHYSICAL and CHEMICAL PROPERTIES
VAPOR DENSITY: 0.6784 kg/m3 (0.042 35 lb/ft3)
SPECIFIC VOLUME: 23.7
SPECIFIC GRAVITY (air = 1): 0.555
FREEZING POINT: -182.2°C (-296°F)
SOLUBILITY IN WATER: Very slight.
BOILING POINT @ 1 atm: -161°C (-258.7°F)
EXPANSION RATIO: 626 (cryogenic liquid)
EVAPORATION RATE (n-BuAc): Not applicable.
ODOR THRESHOLD: Not applicable. Odorless.
VAPOR PRESSURE (psia): Not applicable.
COEFFICIENT WATER/OIL DISTRIBUTION: Not applicable. pH: Not applicable.
APPEARANCE AND COLOR: Colorless, odorless gas, or colorless, odorless, cryogenic liquid.
HOW TO DETECT THIS SUBSTANCE (warning properties): There are no distinct warning properties. In terms of leak
detection, fittings and joints can be painted with a soap solution to detect leaks, which will be indicated by a bubble
formation.
NOTE: This gas is lighter than air and must not be allowed to accumulate in elevated locations.

10. STABILITY and REACTIVITY
STABILITY: Stable.
DECOMPOSITION PRODUCTS: When ignited in the presence of oxygen, this gas will burn to produce carbon
monoxide, carbon dioxide.
MATERIALS WITH WHICH SUBSTANCE IS INCOMPATIBLE: Strong oxidizers (e.g., chlorine, bromine pentafluoride,
oxygen, oxygen difluoride, and nitrogen trifluoride).
HAZARDOUS POLYMERIZATION: Will not occur.
CONDITIONS TO AVOID: Contact with incompatible materials and exposure to heat, sparks, and other sources of
ignition. Cylinders exposed to high temperatures or direct flame can rupture or burst.

PART IV Is there any other useful information about this material?
11. TOXICOLOGICAL INFORMATION
TOXICITY DATA: There are no specific toxicology data for Methane. Methane is a simple asphyxiant, which acts to
displace oxygen in the environment.
SUSPECTED CANCER AGENT: Methane is not found on the following lists: FEDERAL OSHA Z LIST, NTP, IARC,
CAL/OSHA, and therefore, is neither considered to be nor suspected to be a cancer-causing agent by these agencies.
IRRITANCY OF PRODUCT: Methane is not irritating; however, contact with rapidly expanding gases can cause
frostbite to exposed tissue.
SENSITIZATION TO THE PRODUCT: Methane does not cause sensitization with prolonged or repeated contact.

METHANE - CH4 MSDS (Document # 001033)
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11. TOXICOLOGICAL INFORMATION (Continued)
REPRODUCTIVE TOXICITY INFORMATION: Listed below is information concerning the effects of Methane on the
human reproductive system.
Mutagenicity: No mutagenicity effects have been described for Methane. Embryotoxicity:
No embryotoxic effects have been described for Methane. Teratogenicity: No teratogenicity
effects have been described for Methane. Reproductive Toxicity: No reproductive toxicity
effects have been described for Methane.

A mutagen is a chemical which causes permanent changes to genetic material (DNA) such that the changes will
propagate through generational lines. An embryotoxin is a chemical which causes damage to a developing embryo (i.e.,
within the first eight weeks of pregnancy in humans), but the damage does not propagate across generational lines. A
teratogen is a chemical which causes damage to a developing fetus, but the damage does not propagate across
generational lines. A reproductive toxin is any substance which interferes in any way with the reproductive process.
MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE: Acute or chronic respiratory conditions may be aggravated
by overexposure to the components of Methane.
RECOMMENDATIONS TO PHYSICIANS: Administer oxygen if necessary. Treat symptoms and eliminate exposure.
BIOLOGICAL EXPOSURE INDICES (BEIs): Currently, Biological Exposure Indices (BEIs) are not applicable for Methane.

12. ECOLOGICAL INFORMATION
ENVIRONMENTAL STABILITY: Methane occurs naturally in the atmosphere. This gas will be dissipated rapidly in wellventilated areas.
EFFECT OF MATERIAL ON PLANTS or ANIMALS: Any adverse effect on animals would be related to oxygen-deficient
environments. No adverse effect is anticipated to occur to plant-life, except for frost produced in the presence of rapidly
expanding gases.
EFFECT OF CHEMICAL ON AQUATIC LIFE: No evidence is currently available on the effects of Methane on aquatic life.

13. DISPOSAL CONSIDERATIONS
PREPARING WASTES FOR DISPOSAL: Product removed from the cylinder must be disposed of in accordance with
appropriate Federal, State, and local regulations. Return cylinders with residual product to Airgas. Do not dispose locally.

14. TRANSPORTATION INFORMATION
THIS MATERIAL IS HAZARDOUS AS DEFINED BY 49 CFR 172.101 BY THE U.S. DEPARTMENT OF
TRANSPORTATION.
For Methane Gas:
PROPER SHIPPING NAME:
Methane, compressed
HAZARD CLASS NUMBER and DESCRIPTION:
2.1 (Flammable Gas)
UN IDENTIFICATION NUMBER:
UN 1971
PACKING GROUP:
Not Applicable
DOT LABEL(S) REQUIRED:
Flammable Gas
NORTH AMERICAN EMERGENCY RESPONSE GUIDEBOOK NUMBER (2000): 115
For Liquefied Methane:
PROPER SHIPPING NAME:
Methane, refrigerated liquid
HAZARD CLASS NUMBER and DESCRIPTION:
2.1 (Flammable Gas)
UN IDENTIFICATION NUMBER:
UN 1972
PACKING GROUP:
Not Applicable
DOT LABEL(S) REQUIRED:
Flammable Gas
NORTH AMERICAN EMERGENCY RESPONSE GUIDEBOOK NUMBER (2000): 115
MARINE POLLUTANT: Methane is not classified by the DOT as a Marine Pollutant (as defined by 49 CFR 172.101,
Appendix B).

METHANE - CH4 MSDS (Document # 001033)

PAGE 6 OF 8

15. REGULATORY INFORMATION
U.S. SARA REPORTING REQUIREMENTS: Methane is not subject to the reporting requirements of Sections 302, 304,
and 313 of Title III of the Superfund Amendments and Reauthorization Act.
U.S. SARA THRESHOLD PLANNING QUANTITY: Not applicable.
U.S. CERCLA REPORTABLE QUANTITY (RQ): Not applicable.
CANADIAN DSL/NDSL INVENTORY STATUS: Methane is on the DSL Inventory.
U.S. TSCA INVENTORY STATUS: Methane is listed on the TSCA Inventory.
OTHER U.S. FEDERAL REGULATIONS: Methane is subject to the reporting requirements of Section 112(r) of the
Clean Air Act. The Threshold Quantity for this gas is 10,000 lb. Depending on specific operations involving the use of
Isobutylene, the regulations of the Process Safety Management of Highly Hazardous Chemicals may be applicable (29
CFR 1910.119). Under this regulation Methane is not listed in Appendix A; however, any process that involves a
flammable gas on-site, in one location, in quantities of 10,000 lb (4,553 kg) or greater is covered under this regulation
unless it is used as a fuel.
U.S. STATE REGULATORY INFORMATION: Methane is covered under specific State regulations, as denoted below:
Alaska - Designated Toxic and
Hazardous Substances: Methane.
California Permissible Exposure
Limits for Chemical Contaminants:
Methane.
Florida - Substance List: No.
Illinois - Toxic Substance List:
Methane.
Kansas - Section 302/313 List: No.
Massachusetts
- Substance List:
Methane.

Michigan - Critical Materials Register:
No.
Minnesota - List of Hazardous
Substances: Methane.
Missouri - Employer Information/Toxic
Substance List: Methane.
New Jersey - Right to Know Hazardous
Substance List: Methane.
North Dakota - List of Hazardous
Chemicals, Reportable Quantities:
No.

Pennsylvania - Hazardous Substance
List: Methane.
Rhode Island - Hazardous Substance
List: Methane.
Texas - Hazardous Substance List:
No.
West Virginia - Hazardous Substance
List: No.
Wisconsin - Toxic and Hazardous
Substances: No.

CALIFORNIA SAFE DRINKING WATER AND TOXIC ENFORCEMENT ACT (PROPOSITION 65): Methane is not on
the California Proposition 65 lists.
LABELING:
DANGER:
FLAMMABLE HIGH PRESSURE GAS.
CAN FORM EXPLOSIVE MIXTURES WITH AIR.
Keep away from heat, flames, and sparks.
Store and use width adequate ventilation.
Use equipment rated for cylinder pressure.
Close valve after each use and when empty.
Use in accordance with the Material Safety Data Sheet.
DO NOT REMOVE THIS PRODUCT LABEL
CANADIAN WHMIS SYMBOLS:

Class A: Compressed Gas

Class B1: Flammable Gas

METHANE - CH4 MSDS (Document # 001033)
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16. OTHER INFORMATION
PREPARED BY:

Airgas - SAFECOR

The information contained herein is based on data considered accurate. However, no warranty is expressed or implied regarding the
accuracy of these data or the results to be obtained from the use thereof. AIRGAS, Inc. assumes no responsibility for injury to the vendee
or third persons proximately caused by the material if reasonable safety procedures are not adhered to as stipulated in the data sheet.
Additionally, AIRGAS, Inc. assumes no responsibility for injury to vendee or third persons proximately caused by abnormal use of the
material even if reasonable safety procedures are followed. Furthermore, vendee assumes the risk in his use of the material.

DEFINITIONS OF TERMS
A large number of abbreviations and acronyms appear on a MSDS. Some of these which are commonly used include the following:
CAS #: This is the Chemical Abstract Service Number which uniquely identifies each constituent. It is used for computer-related searching.
EXPOSURE LIMITS IN AIR:
ACGIH - American Conference of Governmental Industrial Hygienists, a
professional association which establishes exposure limits. TLV Threshold Limit Value - an airborne concentration of a substance which
represents conditions under which it is generally believed that nearly all
workers may be repeatedly exposed without adverse effect. The duration
must be considered, including the 8-hour Time Weighted Average (TWA),
the 15-minute Short Term Exposure Limit, and the instantaneous Ceiling
Level (C). Skin absorption effects must also be considered.
OSHA - U.S. Occupational Safety and Health Administration. PEL Permissible Exposure Limit - This exposure value means exactly the
same as a TLV, except that it is enforceable by OSHA. The OSHA
Permissible Exposure Limits are based in the 1989 PELs and the June,
1993 Air Contaminants Rule (Federal Register: 58: 35338-35351 and 58:
40191). Both the current PELs and the vacated PELs are indicated. The
phrase, “Vacated 1989 PEL,” is placed next to the PEL which was
vacated by Court Order.
IDLH - Immediately Dangerous to Life and Health - This level represents
a concentration from which one can escape within 30-minutes without
suffering escape-preventing or permanent injury. The DFG - MAK is the
Republic of Germany’s Maximum Exposure Level, similar to the U.S. PEL.
NIOSH is the National Institute of Occupational Safety and Health, which
is the research arm of the U.S. Occupational Safety and Health
Administration (OSHA). NIOSH issues exposure guidelines called
Recommended Exposure Levels (RELs). When no exposure guidelines
are established, an entry of NE is made for reference.
HAZARD RATINGS:
HAZARDOUS MATERIALS IDENTIFICATION SYSTEM: Health Hazard: 0
(minimal acute or chronic exposure hazard); 1 (slight acute or chronic
exposure hazard); 2 (moderate acute or significant chronic exposure hazard);
3 (severe acute exposure hazard; onetime overexposure can result in
permanent injury and may be fatal); 4 (extreme acute exposure hazard;
onetime overexposure can be fatal). Flammability Hazard: 0 (minimal hazard);
1 (materials that require substantial pre-heating before burning); 2
(combustible liquid or solids; liquids with a flash point of 38-93°C [100-200°F]);
3 (Class IB and IC flammable liquids with flash points below 38°C [100°F]); 4
(Class IA flammable liquids with flash points below 23°C [73°F] and boiling
points below 38°C [100°F]. Reactivity Hazard: 0 (normally stable); 1 (material
that can become unstable at elevated temperatures or which can react slightly
with water); 2 (materials that are unstable but do not detonate or which can
react violently with water); 3 (materials that can detonate when initiated or
which can react explosively with water); 4 (materials that can detonate at
normal temperatures or pressures).
NATIONAL FIRE PROTECTION ASSOCIATION: Health Hazard:
0

(material that on exposure under fire conditions would offer no hazard
beyond that of ordinary combustible materials); 1 (materials that on
exposure under fire conditions could cause irritation or minor residual
injury); 2 (materials that on intense or continued exposure under fire
conditions could cause temporary incapacitation or possible residual
injury); 3 (materials that can on short exposure could cause serious
temporary or residual injury); 4 (materials that under very short exposure
causes death or major residual injury).
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NATIONAL FIRE
PROTECTION ASSOCIATION (Continued):
Flammability Hazard and Reactivity Hazard: Refer to definitions for
“Hazardous Materials Identification System”.
FLAMMABILITY LIMITS IN AIR:
Much of the information related to fire and explosion is derived from the
National Fire Protection Association (NFPA). Flash Point - Minimum
temperature at which a liquid gives off sufficient vapors to form an ignitable
mixture with air. Autoignition Temperature: The minimum temperature required
to initiate combustion in air with no other source of ignition. LEL - the lowest
percent of vapor in air, by volume, that will explode or ignite in the presence of
an ignition source. UEL - the highest percent of vapor in air, by volume, that
will explode or ignite in the presence of an ignition source.

TOXICOLOGICAL INFORMATION:
Possible health hazards as derived from human data, animal studies, or
from the results of studies with similar compounds are presented.
Definitions of some terms used in this section are: LD50 - Lethal Dose
(solids & liquids) which kills 50% of the exposed animals; LC50 - Lethal
Concentration (gases) which kills 50% of the exposed animals; ppm
concentration expressed in parts of material per million parts of air or
water; mg/m3 concentration expressed in weight of substance per
volume of air; mg/kg quantity of material, by weight, administered to a
test subject, based on their body weight in kg. Data from several sources
are used to evaluate the cancer-causing potential of the material. The
sources are: IARC - the International Agency for Research on Cancer;
NTP - the National Toxicology Program, RTECS - the Registry of Toxic
Effects of Chemical Substances, OSHA and CAL/OSHA. IARC and NTP
rate chemicals on a scale of decreasing potential to cause human cancer
with rankings from 1 to 4. Subrankings (2A, 2B, etc.) are also used. Other
measures of toxicity include TDLo, the lowest dose to cause a symptom
and TCLo the lowest concentration to cause a symptom; TDo, LDLo, and
LDo, or TC, TCo, LCLo, and LCo, the lowest dose (or concentration) to
cause lethal or toxic effects. BEI - Biological Exposure Indices, represent
the levels of determinants which are most likely to be observed in
specimens collected from a healthy worker who has been exposed to
chemicals to the same extent as a worker with inhalation exposure to the
TLV. Ecological Information: EC is the effect concentration in water.
REGULATORY INFORMATION:
This section explains the impact of various laws and regulations on the
material. EPA is the U.S. Environmental Protection Agency. WHMIS is the
Canadian Workplace Hazardous Materials Information System. DOT and TC
are the U.S. Department of Transportation and the Transport Canada,
respectively. Superfund Amendments and Reauthorization Act (SARA); the
Canadian Domestic/Non-Domestic Substances List (DSL/NDSL); the U.S.
Toxic Substance Control Act (TSCA); Marine Pollutant status according to the
DOT; the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA or Superfund); and various state regulations.
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Material Safety Data Sheet
Sodium acetate, ACS
Section 1 - Chemical Product and Company Identification
MSDS Name:
Sodium acetate, ACS
Catalog Numbers:
LC22820
Synonyms:
Acetic acid, sodium salt, trihydrate
Company Identification:
LabChem, Inc.
200 William Pitt Way
Pittsburgh, PA 15238
Company Phone Number:
(412) 826-5230
Emergency Phone Number:
(800) 424-9300
CHEMTREC Phone Number:
(800) 424-9300

Section 2 - Composition, Information on Ingredients
CAS#
6131-90-4

Chemical Name:
Sodium acetate trihydrate

Percent
100%

Section 3 - Hazards Identification
Emergency Overview
Appearance: White crystals
Caution! May cause eye and skin irritation. May cause respiratory tract irritation.
Hygroscopic (absorbs moisture from the air).
Target Organs: None.

Potential Health Effects
Eye:
May cause eye irritation.
Skin:
May cause skin irritation.
Ingestion:
Ingestion of large amounts may cause gastrointestinal irritation.
Inhalation:
No hazard expected in normal industrial use.
Chronic:
No information found.
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Material Safety Data Sheet
Sodium acetate, ACS
Section 4 - First Aid Measures
Eyes:
Flush eyes with plenty of water for at least 15 minutes, occasionally lifting the upper and
lower eyelids. Get medical aid.
Skin:
Get medical aid. Flush skin with plenty of water for at least 15 minutes while removing
contaminated clothing and shoes. Wash clothing before reuse.
Ingestion:
If victim is conscious and alert, give 2-4 cupfuls of milk or water. Never give anything by mouth
to an unconscious person. Get medical aid immediately.
Inhalation:
Remove from exposure and move to fresh air immediately. If not breathing, give
artificial respiration. If breathing is difficult, give oxygen. Get medical aid.

Section 5 - Fire Fighting Measures
General Information:
As in any fire, wear a self-contained breathing apparatus in pressure-demand, MSHA/NIOSH
(approved or equivalent), and full protective gear. Combustion generates toxic fumes.
Extinguishing Media:
For small fires, use dry chemical, carbon dioxide, water spray or alcohol-resistant foam.
Autoignition Temperature:
599 deg C ( 1,110.20 deg F)
Flash Point:
No information found.
NFPA Rating:
Health-1; flammability-1; reactivity-0
Explosion Limits:
Lower: n/a
Upper: n/a

Section 6 - Accidental Release Measures
General Information:
Use proper personal protective equipment as indicated in Section 8.
Spills/Leaks:
Vacuum or sweep up material and place into a suitable disposal container. Clean up spills immediately,
observing precautions in the Protective Equipment section. Avoid generating dusty conditions. Provide
ventilation. Place under an inert atmosphere. Do not get water inside containers.
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Material Safety Data Sheet
Sodium acetate, ACS
Section 7 - Handling and Storage
Handling:
Wash thoroughly after handling. Remove contaminated clothing and wash before reuse. Use with
adequate ventilation. Avoid contact with eyes, skin, and clothing. Avoid breathing dust.
Storage:
Keep from contact with oxidizing materials. Store in a cool, dry, well-ventilated area away
from incompatible substances. Store protected from moisture.

Section 8 - Exposure Controls, Personal Protection
Engineering Controls:
Facilities storing or utilizing this material should be equipped with an eyewash facility and a safety
shower. Use adequate general or local exhaust ventilation to keep airborne concentrations below the
permissible exposure limits.
Exposure Limits:

Chemical Name:
Sodium acetate
trihydrate

ACGIH

NIOSH

none listed

none listed

OSHA
none listed

OSHA Vacated PELs:
Sodium acetate trihydrate: No OSHA Vacated PELs are listed for this chemical.

Personal Protective Equipment
Eyes:
Do not wear contact lenses when working with chemicals. An eye wash fountain should be
available in the immediate work area. Wear appropriate protective eyeglasses or chemical
safety goggles as described in 29 CFR 1910.133.
Skin:
Wear appropriate protective gloves to prevent skin exposure.
Clothing:
Wear appropriate protective clothing to prevent skin exposure.
Respirators:
Follow the OSHA respirator regulations found in 29 CFR 1910.134. Use a NIOSH/MSHA
approved respirator if exposure limits are exceeded or if irritation or other symptoms are
experienced.

Section 9 - Physical and Chemical Properties
Physical State:
Color:
Odor:
pH:
Vapor Pressure:
Vapor Density:
Evaporation Rate:

Crystalline powder
White
Odorless
8.9 (1M aq soln)
Not available
Not available
Not available
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Sodium acetate, ACS
Viscosity:
Boiling Point:
Freezing/Melting Point:
Decomposition Temperature:
Solubility in water:
Specific Gravity/Density:
Molecular Formula:
Molecular Weight:

Not available
253F
136F

Not available
Soluble
1.45
C2H3O2Na.3H2O
136.08

Section 10 - Stability and Reactivity
Chemical Stability:
Stable at room temperature in closed containers under normal storage and handling conditions.
Conditions to Avoid:
Exposure to moist air or water.
Incompatibilities with Other Materials:
Strong oxidizing agents.
Hazardous Decomposition Products:
Carbon monoxide, carbon dioxide.
Hazardous Polymerization:
Has not been reported.

Section 11 - Toxicological Information
RTECS:
CAS# 6131-90-4: AJ4580000
LD50/LC50:
CAS# 6131-90-4: Not available
Carcinogenicity:
CAS# 6131-90-4: Not listed by ACGIH, IARC, NTP, or CA Proposition 65.
Epidemiology:
No information available.
Teratogenicity:
No information available.
Reproductive:
No information available.
Mutagenicity:
Mutagenic effects have occurred in experimental animals.
Neurotoxicity:
No information available.

Section 12 - Ecological Information
Ecotoxicity:
No data available. Acute aquatic effects (for anhydrous sodium acetate)96-hour LC50; Fathead minnow:
GT 100 mg/L 96-hour LC50; Water flea: GT 1000 mg/L. This chemical has a high biological oxygen
demand, and it is expected to cause significant oxygen depletion in aquatic systems. It has a low
-4-

Material Safety Data Sheet
Sodium acetate, ACS
potential to affect aquatic organisms.
Environmental:
This chemical is readily biodegradable and is not likely to bioconcentrate.
Physical:
None reported

Section 13 - Disposal Considerations
Dispose of in accordance with Federal, State, and local regulations.

Section 14 - Transport Information
US DOT
Shipping Name: Not regulated.
Hazard Class:
UN Number:
Packing Group:

Section 15 - Regulatory Information
US Federal
TSCA:
CAS# 6131-90-4 is not on the TSCA Inventory because it is a hydrate. It is considered to be listed if
the CAS number for the anhydrous form is on the inventory (40CFR720.3(u)(2)).
SARA Reportable Quantities (RQ):
CAS# 6131-90-4 does not have a RQ.
CERCLA/SARA Section 313:
Not reportable under Section 313.
OSHA - Highly Hazardous:
Not considered highly hazardous by OSHA.

US State
State Right to Know:
CAS# 6131-90-4 is not listed on the following state right to know lists: California, Florida, New
Jersey, Pennsylvania, Minnesota, and Massachusetts.
California Regulations:
Not listed.

European/International Regulations
Canadian DSL/NDSL:
CAS# 6131-90-4 is listed on Canada’s DSL List.
Canada Ingredient Disclosure List:
CAS# 6131-90-4 is not listed on the Ingredient Disclosure List.
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Material Safety Data Sheet
Sodium acetate, ACS
Section 16 - Other Information
MSDS Creation Date: August 31, 2006
Revision Date: None
Information in this MSDS is from available published sources and is believed to be accurate. No warranty, express or implied,
is made and LabChem Inc. assumes no liability resulting from the use of this MSDS. The user must determine suitability of this
information for his application.
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Material Safety Data Sheet
Sodium chloride MSDS
Section 1: Chemical Product and Company Identification
Product Name: Sodium chloride

Contact Information:

Catalog Codes: SLS3262, SLS1045, SLS3889, SLS1669,

SLS3091
CAS#: 7647-14-5

Sciencelab.com, Inc.
14025 Smith Rd.
Houston, Texas 77396

RTECS: VZ4725000

US Sales: 1-800-901-7247
International Sales: 1-281-441-4400

TSCA: TSCA 8(b) inventory: Sodium chloride

Order Online: ScienceLab.com
CHEMTREC (24HR Emergency Telephone), call:
1-800-424-9300

CI#: Not applicable.
Synonym: Salt; Sea Salt

International CHEMTREC, call: 1-703-527-3887

Chemical Name: Sodium chloride

For non-emergency assistance, call: 1-281-441-4400

Chemical Formula: NaCl

Section 2: Composition and Information on Ingredients
Composition:
Name

CAS #

% by Weight

Sodium chloride

7647-14-5

100

Toxicological Data on Ingredients: Sodium chloride: ORAL (LD50): Acute: 3000 mg/kg [Rat.]. 4000 mg/kg [Mouse].
DERMAL (LD50): Acute: &gt;10000 mg/kg [Rabbit]. DUST (LC50): Acute: &gt;42000 mg/m 1 hours [Rat].

Section 3: Hazards Identification
Potential Acute Health Effects: Slightly hazardous in case of skin contact (irritant), of eye contact (irritant), of ingestion,
of inhalation.
Potential Chronic Health Effects:
CARCINOGENIC EFFECTS: Not available. MUTAGENIC EFFECTS: Mutagenic for mammalian somatic cells. Mutagenic
for bacteria and/or yeast. TERATOGENIC EFFECTS: Not available. DEVELOPMENTAL TOXICITY: Not available.
Repeated or prolonged exposure is not known to aggravate medical condition.

Section 4: First Aid Measures
Eye Contact:
p. 1

Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least
15 minutes. Cold water may be used. Get medical attention.
Skin Contact:
Wash with soap and water. Cover the irritated skin with an emollient. Get medical attention if irritation develops. Cold
water may be used.
Serious Skin Contact: Not available.
Inhalation:
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get
medical attention if symptoms appear.
Serious Inhalation: Not available.
Ingestion:
Do NOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an unconscious
person. Loosen tight clothing such as a collar, tie, belt or waistband. Get medical attention if symptoms appear.
Serious Ingestion: Not available.

Section 5: Fire and Explosion Data
Flammability of the Product: Non-flammable.
Auto-Ignition Temperature: Not applicable.
Flash Points: Not applicable.
Flammable Limits: Not applicable.
Products of Combustion: Not available.
Fire Hazards in Presence of Various Substances: Not applicable.
Explosion Hazards in Presence of Various Substances:
Risks of explosion of the product in presence of mechanical impact: Not available. Risks of explosion of the product in
presence of static discharge: Not available.
Fire Fighting Media and Instructions: Not applicable.
Special Remarks on Fire Hazards: When heated to decomposition it emits toxic fumes.
Special Remarks on Explosion Hazards:
Electrolysis of sodium chloride in presence of nitrogenous compounds to produce chlorine may lead to formation of explosive
nitrogen trichloride. Potentially explosive reaction with dichloromaleic anhydride + urea.

Section 6: Accidental Release Measures
Small Spill:
Use appropriate tools to put the spilled solid in a convenient waste disposal container. Finish cleaning by spreading water on
the contaminated surface and dispose of according to local and regional authority requirements.
Large Spill:
Use a shovel to put the material into a convenient waste disposal container. Finish cleaning by spreading water on
the contaminated surface and allow to evacuate through the sanitary system.

Section 7: Handling and Storage
Precautions:
Keep locked up.. Do not ingest. Do not breathe dust. Avoid contact with eyes. Wear suitable protective clothing. If ingested,
seek medical advice immediately and show the container or the label. Keep away from incompatibles such as oxidizing
agents, acids.
p. 2

Storage: Keep container tightly closed. Keep container in a cool, well-ventilated area. Hygroscopic

Section 8: Exposure Controls/Personal Protection
Engineering Controls:
Use process enclosures, local exhaust ventilation, or other engineering controls to keep airborne levels below
recommended exposure limits. If user operations generate dust, fume or mist, use ventilation to keep exposure to airborne
contaminants below the exposure limit.
Personal Protection:
Splash goggles. Lab coat. Dust respirator. Be sure to use an approved/certified respirator or equivalent. Gloves.
Personal Protection in Case of a Large Spill:
Splash goggles. Full suit. Dust respirator. Boots. Gloves. A self contained breathing apparatus should be used to avoid
inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling this
product.
Exposure Limits: Not available.

Section 9: Physical and Chemical Properties
Physical state and appearance: Solid. (Solid crystalline powder.)
Odor: Slight.
Taste: Saline.
Molecular Weight: 58.44 g/mole
Color: White.
pH (1% soln/water): 7 [Neutral.]
Boiling Point: 1413°C (2575.4°F)
Melting Point: 801°C (1473.8°F)
Critical Temperature: Not available.
Specific Gravity: 2.165 (Water = 1)
Vapor Pressure: Not applicable.
Vapor Density: Not available.
Volatility: Not available.
Odor Threshold: Not available.
Water/Oil Dist. Coeff.: Not available.
Ionicity (in Water): Not available.
Dispersion Properties: See solubility in water.
Solubility:
Easily soluble in cold water, hot water. Soluble in glycerol, and ammonia. Very slightly soluble in alcohol. Insoluble in
Hydrochloric Acid.

Section 10: Stability and Reactivity Data
Stability: The product is stable.
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Instability Temperature: Not available.
Conditions of Instability: Incompatible materials, high temperatures.
Incompatibility with various substances: Reactive with oxidizing agents, metals, acids.
Corrosivity: Not considered to be corrosive for metals and glass.
Special Remarks on Reactivity:
Hygroscopic. Reacts with most nonnoble metals such as iron or steel, building materials (such as cement) Sodium chloride
is rapidly attacked by bromine trifluoride. Violent reaction with lithium.
Special Remarks on Corrosivity: Not available.
Polymerization: Will not occur.

Section 11: Toxicological Information
Routes of Entry: Inhalation. Ingestion.
Toxicity to Animals:
WARNING: THE LC50 VALUES HEREUNDER ARE ESTIMATED ON THE BASIS OF A 4-HOUR EXPOSURE. Acute
oral toxicity (LD50): 3000 mg/kg [Rat.]. Acute dermal toxicity (LD50): >10000 mg/kg [Rabbit]. Acute toxicity of the dust
(LC50): >42000 mg/m3 1 hours [Rat].
Chronic Effects on Humans: MUTAGENIC EFFECTS: Mutagenic for mammalian somatic cells. Mutagenic for bacteria and/
or yeast.
Other Toxic Effects on Humans: Slightly hazardous in case of skin contact (irritant), of ingestion, of inhalation.
Special Remarks on Toxicity to Animals: Lowest Published Lethal Dose (LDL) [Man] - Route: Oral; Dose: 1000 mg/kg
Special Remarks on Chronic Effects on Humans:
Causes adverse reproductive effects in humans (fetotoxicity, abortion, ) by intraplacental route. High intake of sodium chloride,
whether from occupational exposure or in the diet, may increase risk of TOXEMIA OF PREGNANCY in susceptible women
(Bishop, 1978). Hypertonic sodium chloride solutions have been used to induce abortion in late pregnancy by direct infusion
into the uterus (Brown et al, 1972), but this route of administration is not relevant to occupational exposures. May cause
adverse reproductive effects and birth defects in animals, particularly rats and mice (fetotoxicity, abortion, musculoskeletal
abnormalities, and maternal effects (effects on ovaries, fallopian tubes) by oral, intraperitoneal, intraplacental, intrauterine,
parenteral, and subcutaneous routes. While sodium chloride has been used as a negative control n some reproductive studies,
it has also been used as an example that almost any chemical can cause birth defects in experimental animals
if studied under the right conditions (Nishimura & Miyamoto, 1969). In experimental animals, sodium chloride has caused
delayed effects on newborns, has been fetotoxic, and has caused birth defects and abortions in rats and mice (RTECS, 1997).
May affect genetic material (mutagenic)
Special Remarks on other Toxic Effects on Humans:
Acute Potential Health Effects: Skin: May cause skin irritation. Eyes: Causes eye irritation. Ingestion: Ingestion of large
quantities can irritate the stomach (as in overuse of salt tablets) with nausea and vomiting. May affect behavior (muscle
spasicity/contraction, somnolence), sense organs, metabolism, and cardiovascular system. Continued exposure may
produce dehydration, internal organ congestion, and coma. Inhalation: Material is irritating to mucous membranes and
upper respiratory tract.

Section 12: Ecological Information
Ecotoxicity: Not available.
BOD5 and COD: Not available.
Products of Biodegradation:
Possibly hazardous short term degradation products are not likely. However, long term degradation products may arise.
Toxicity of the Products of Biodegradation: The product itself and its products of degradation are not toxic.
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Special Remarks on the Products of Biodegradation: Not available.

Section 13: Disposal Considerations
Waste Disposal:
Waste must be disposed of in accordance with federal, state and local environmental control regulations.

Section 14: Transport Information
DOT Classification: Not a DOT controlled material (United States).
Identification: Not applicable.
Special Provisions for Transport: Not applicable.

Section 15: Other Regulatory Information
Federal and State Regulations: TSCA 8(b) inventory: Sodium chloride
Other Regulations: EINECS: This product is on the European Inventory of Existing Commercial Chemical Substances.
Other Classifications:
WHMIS (Canada): Not controlled under WHMIS (Canada).
DSCL (EEC):
R40- Possible risks of irreversible effects. S24/25- Avoid contact with skin and eyes.
HMIS (U.S.A.):
Health Hazard: 1
Fire Hazard: 0
Reactivity: 0
Personal Protection: E
National Fire Protection Association (U.S.A.):
Health: 1
Flammability: 0
Reactivity: 0
Specific hazard:
Protective Equipment:
Gloves. Lab coat. Dust respirator. Be sure to use an approved/certified respirator or equivalent. Splash goggles.

Section 16: Other Information
References:
-Hawley, G.G.. The Condensed Chemical Dictionary, 11e ed., New York N.Y., Van Nostrand Reinold, 1987. -SAX, N.I.
Dangerous Properties of Indutrial Materials. Toronto, Van Nostrand Reinold, 6e ed. 1984. -The Sigma-Aldrich Library
of Chemical Safety Data, Edition II.
Other Special Considerations: Not available.
Created: 10/11/2005 12:33 PM
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Last Updated: 05/21/2013 12:00 PM
The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we
assume no liability resulting from its use. Users should make their own investigations to determine the suitability of the
information for their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any
third party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even
if ScienceLab.com has been advised of the possibility of such damages.
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Material Safety Data Sheet
Sodium hydroxide MSDS
Section 1: Chemical Product and Company Identification
Product Name: Sodium hydroxide

Contact Information:

Catalog Codes: SLS3298, SLS1081, SLS2503, SLS3925,

SLS1705
CAS#: 1310-73-2

Sciencelab.com, Inc.
14025 Smith Rd.
Houston, Texas 77396

RTECS: WB4900000

US Sales: 1-800-901-7247
International Sales: 1-281-441-4400

TSCA: TSCA 8(b) inventory: Sodium hydroxide

Order Online: ScienceLab.com
CHEMTREC (24HR Emergency Telephone), call:
1-800-424-9300

CI#: Not available.
Synonym: Caustic Soda

International CHEMTREC, call: 1-703-527-3887

Chemical Name: Sodium Hydroxide

For non-emergency assistance, call: 1-281-441-4400

Chemical Formula: NaOH

Section 2: Composition and Information on Ingredients
Composition:
Name

CAS #

% by Weight

Sodium hydroxide

1310-73-2

100

Toxicological Data on Ingredients: Sodium hydroxide LD50: Not available. LC50: Not available.

Section 3: Hazards Identification
Potential Acute Health Effects:
Very hazardous in case of skin contact (corrosive, irritant, permeator), of eye contact (irritant, corrosive), of ingestion,
of inhalation. The amount of tissue damage depends on length of contact. Eye contact can result in corneal damage or
blindness. Skin contact can produce inflammation and blistering. Inhalation of dust will produce irritation to gastro-intestinal or
respiratory tract, characterized by burning, sneezing and coughing. Severe over-exposure can produce lung damage, choking,
unconsciousness or death. Inflammation of the eye is characterized by redness, watering, and itching. Skin inflammation is
characterized by itching, scaling, reddening, or, occasionally, blistering.
Potential Chronic Health Effects:
CARCINOGENIC EFFECTS: Not available. MUTAGENIC EFFECTS: Mutagenic for mammalian somatic cells.
TERATOGENIC EFFECTS: Not available. DEVELOPMENTAL TOXICITY: Not available. The substance may be toxic to
mucous membranes, upper respiratory tract, skin, eyes. Repeated or prolonged exposure to the substance can produce
target organs damage. Repeated exposure of the eyes to a low level of dust can produce eye irritation. Repeated skin
exposure can produce local skin destruction, or dermatitis. Repeated inhalation of dust can produce varying degree of
respiratory irritation or lung damage.
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Section 4: First Aid Measures
Eye Contact:
Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least
15 minutes. Cold water may be used. Get medical attention immediately.
Skin Contact:
In case of contact, immediately flush skin with plenty of water for at least 15 minutes while removing contaminated clothing
and shoes. Cover the irritated skin with an emollient. Cold water may be used.Wash clothing before reuse. Thoroughly
clean shoes before reuse. Get medical attention immediately.
Serious Skin Contact:
Wash with a disinfectant soap and cover the contaminated skin with an anti-bacterial cream. Seek medical attention.
Inhalation:
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get
medical attention immediately.
Serious Inhalation:
Evacuate the victim to a safe area as soon as possible. Loosen tight clothing such as a collar, tie, belt or waistband. If
breathing is difficult, administer oxygen. If the victim is not breathing, perform mouth-to-mouth resuscitation. WARNING: It may
be hazardous to the person providing aid to give mouth-to-mouth resuscitation when the inhaled material is toxic, infectious or
corrosive. Seek immediate medical attention.
Ingestion:
Do NOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an unconscious
person. If large quantities of this material are swallowed, call a physician immediately. Loosen tight clothing such as a collar,
tie, belt or waistband.
Serious Ingestion: Not available.

Section 5: Fire and Explosion Data
Flammability of the Product: Non-flammable.
Auto-Ignition Temperature: Not applicable.
Flash Points: Not applicable.
Flammable Limits: Not applicable.
Products of Combustion: Not available.
Fire Hazards in Presence of Various Substances: metals
Explosion Hazards in Presence of Various Substances:
Risks of explosion of the product in presence of mechanical impact: Not available. Risks of explosion of the product in
presence of static discharge: Not available. Slightly explosive in presence of heat.
Fire Fighting Media and Instructions: Not available
Special Remarks on Fire Hazards:
sodium hydroxide + zinc metal dust causes ignition of the latter. Under proper conditions of temperature, pressure and state
of division, it can ignite or react violently with acetaldehyde, ally alcohol, allyl chloride, benzene-1,4-diol, chlorine trifluoride,
1,2 dichlorethylene, nitroethane, nitromethane, nitroparaffins, nitropropane, cinnamaldehyde, 2,2-dichloro-3,3-dimethylbutane.
Sodium hydroxide in contact with water may generate enough heat to ignite adjacent combustible materials. Phosphorous
boiled with NaOH yields mixed phosphines which may ignite spontanously in air. sodium hydroxide and cinnamaldehyde +
heat may cause ignition. Reaction with certain metals releases flammable and explosive hydrogen gas.
Special Remarks on Explosion Hazards:
Sodium hydroxide reacts to form explosive products with ammonia + silver nitrate. Benzene extract of allyl benzenesulfonate
prepared from allyl alcohol, and benzene sulfonyl chloride in presence of aquesous sodium hydroxide, under vacuum
distillation, residue darkened and exploded. Sodium Hydroxde + impure tetrahydrofuran, which can contain peroxides, can
p. 2

cause serious explosions. Dry mixtures of sodium hydroxide and sodium tetrahydroborate liberate hydrogen explosively at
230-270 deg. C. Sodium Hydroxide reacts with sodium salt of trichlorophenol + methyl alcohol + trichlorobenzene + heat
to cause an explosion.

Section 6: Accidental Release Measures
Small Spill:
Use appropriate tools to put the spilled solid in a convenient waste disposal container. If necessary: Neutralize the residue
with a dilute solution of acetic acid.
Large Spill:
Corrosive solid. Stop leak if without risk. Do not get water inside container. Do not touch spilled material. Use water spray
to reduce vapors. Prevent entry into sewers, basements or confined areas; dike if needed. Call for assistance on disposal.
Neutralize the residue with a dilute solution of acetic acid. Be careful that the product is not present at a concentration
level above TLV. Check TLV on the MSDS and with local authorities.

Section 7: Handling and Storage
Precautions:
Keep container dry. Do not breathe dust. Never add water to this product. In case of insufficient ventilation, wear suitable
respiratory equipment. If you feel unwell, seek medical attention and show the label when possible. Avoid contact with skin
and eyes. Keep away from incompatibles such as oxidizing agents, reducing agents, metals, acids, alkalis, moisture.
Storage: Keep container tightly closed. Keep container in a cool, well-ventilated area. Hygroscopic. Deliquescent.

Section 8: Exposure Controls/Personal Protection
Engineering Controls:
Use process enclosures, local exhaust ventilation, or other engineering controls to keep airborne levels below
recommended exposure limits. If user operations generate dust, fume or mist, use ventilation to keep exposure to airborne
contaminants below the exposure limit.
Personal Protection:
Splash goggles. Synthetic apron. Vapor and dust respirator. Be sure to use an approved/certified respirator or equivalent.
Gloves.
Personal Protection in Case of a Large Spill:
Splash goggles. Full suit. Vapor and dust respirator. Boots. Gloves. A self contained breathing apparatus should be used to
avoid inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling
this product.
Exposure Limits:
STEL: 2 (mg/m3) from ACGIH (TLV) [United States] TWA: 2 CEIL: 2 (mg/m3) from OSHA (PEL) [United States] CEIL: 2
(mg/ m3) from NIOSHConsult local authorities for acceptable exposure limits.

Section 9: Physical and Chemical Properties
Physical state and appearance: Solid. (Deliquescent solid.)
Odor: Odorless.
Taste: Not available.
Molecular Weight: 40 g/mole
Color: White.
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pH (1% soln/water): 13.5 [Basic.]
Boiling Point: 1388°C (2530.4°F)
Melting Point: 323°C (613.4°F)
Critical Temperature: Not available.
Specific Gravity: 2.13 (Water = 1)
Vapor Pressure: Not applicable.
Vapor Density: Not available.
Volatility: Not available.
Odor Threshold: Not available.
Water/Oil Dist. Coeff.: Not available.
Ionicity (in Water): Not available.
Dispersion Properties: See solubility in water.
Solubility: Easily soluble in cold water.

Section 10: Stability and Reactivity Data
Stability: The product is stable.
Instability Temperature: Not available.
Conditions of Instability: Incompatible materials, moisture, moist air
Incompatibility with various substances:
Highly reactive with metals. Reactive with oxidizing agents, reducing agents, acids, alkalis, moisture.
Corrosivity: Not available.
Special Remarks on Reactivity:
Hygroscopic. Much heat is evolved when solid material is dissolved in water. Therefore cold water and caution must be used
for this process. Sodium hydroxide solution and octanol + diborane during a work-up of a reaction mixture of oxime and
diborane in tetrahyrofuran is very exothermic, a mild explosion being noted on one occassion. Reactive with water, acids
(mineral, non-oxidizing, e.g. hydrochloric, hydrofluoric acid, muriatic acid, phosphoric), acids (mineral, oxidizing e.g. chromic
acid, hypochlorous acid, nitric acid, sulfuric acid), acids (organic e.g. acetic acid, benzoic acid, formic acid, methanoic acid,
oxalic acid), aldehydes (e.g. acetaldehyde, acrolein, chloral hydrate, foraldehyde), carbamates (e.g. carbanolate, carbofuran),
esters (e.g. butyl acetate, ethyl acetate, propyl formate), halogenated organics (dibromoethane, hexachlorobenzene, methyl
chloride, trichloroethylene), isocyanates (e.g. methyl isocyanate), ketones (acetone, acetophenone, MEK, MIBK), acid
chlorides, strong bases, strong oxidizing agents, strong reducing agents, flammable liquids, powdered metals and metals (i.e
aluminum, tin, zinc, hafnium, raney nickel), metals (alkali and alkaline e.g. cesium, potassium, sodium), metal compounds
(toxic e.g. berylium, lead acetate, nickel carbonyl, tetraethyl lead), mitrides (e.g. potassium nitride, sodium nitride), nitriles (e.g.
acetonitrile, methyl cyanide), nitro compounds (organic e.g. nitrobenzene, nitromethane), acetic anhydride, chlorohydrin,
chlorosulfonic acid, ethylene cyanohydrin, glyoxal, hydrosulfuric acid, oleum, propiolactone, acylonitrile, phorosous pentoxide,
chloroethanol, chloroform-methanol, tetrahydroborate, cyanogen azide, 1,2,4,5 tetrachlorobenzene, cinnamaldehyde. Reacts
with formaldehyde hydroxide to yield formic acid, and hydrogen.
Special Remarks on Corrosivity: Very caustic to aluminum and other metals in presence of moisture.
Polymerization: Will not occur.

Section 11: Toxicological Information
Routes of Entry: Absorbed through skin. Dermal contact. Eye contact. Inhalation. Ingestion.
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Toxicity to Animals:
LD50: Not available. LC50: Not available.
Chronic Effects on Humans:
MUTAGENIC EFFECTS: Mutagenic for mammalian somatic cells. May cause damage to the following organs:
mucous membranes, upper respiratory tract, skin, eyes.
Other Toxic Effects on Humans:
Extremely hazardous in case of inhalation (lung corrosive). Very hazardous in case of skin contact (corrosive, irritant,
permeator), of eye contact (corrosive), of ingestion, .
Special Remarks on Toxicity to Animals:
Lowest Published Lethal Dose: LDL [Rabbit] - Route: Oral; Dose: 500 mg/kg
Special Remarks on Chronic Effects on Humans: May affect genetic material. Investigation as a mutagen
(cytogenetic analysis)
Special Remarks on other Toxic Effects on Humans:

Section 12: Ecological Information
Ecotoxicity: Not available.
BOD5 and COD: Not available.
Products of Biodegradation:
Possibly hazardous short term degradation products are not likely. However, long term degradation products may arise.
Toxicity of the Products of Biodegradation: The product itself and its products of degradation are not toxic.
Special Remarks on the Products of Biodegradation: Not available.

Section 13: Disposal Considerations
Waste Disposal:
Waste must be disposed of in accordance with federal, state and local environmental control regulations.

Section 14: Transport Information
DOT Classification: Class 8: Corrosive material
Identification: : Sodium hydroxide, solid UNNA: 1823 PG: II
Special Provisions for Transport: Not available.

Section 15: Other Regulatory Information
Federal and State Regulations:
Illinois toxic substances disclosure to employee act: Sodium hydroxide Illinois chemical safety act: Sodium hydroxide New
York release reporting list: Sodium hydroxide Rhode Island RTK hazardous substances: Sodium hydroxide Pennsylvania RTK:
Sodium hydroxide Minnesota: Sodium hydroxide Massachusetts RTK: Sodium hydroxide New Jersey: Sodium hydroxide
Louisiana spill reporting: Sodium hydroxide California Director's List of Hazardous Substances: Sodium hydroxide TSCA 8(b)
inventory: Sodium hydroxide CERCLA: Hazardous substances.: Sodium hydroxide: 1000 lbs. (453.6 kg)
Other Regulations:
OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200). EINECS: This product is on
the European Inventory of Existing Commercial Chemical Substances.
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Other Classifications:
WHMIS (Canada): CLASS E: Corrosive solid.
DSCL (EEC):
R35- Causes severe burns. S26- In case of contact with eyes, rinse immediately with plenty of water and seek medical advice.
S37/39- Wear suitable gloves and eye/face protection. S45- In case of accident or if you feel unwell, seek medical advice
immediately (show the label where possible).
HMIS (U.S.A.):
Health Hazard: 3
Fire Hazard: 0
Reactivity: 2
Personal Protection: j
National Fire Protection Association (U.S.A.):
Health: 3
Flammability: 0
Reactivity: 1
Specific hazard:
Protective Equipment:
Gloves. Synthetic apron. Vapor and dust respirator. Be sure to use an approved/certified respirator or equivalent.
Wear appropriate respirator when ventilation is inadequate. Splash goggles.

Section 16: Other Information
References: Not available.
Other Special Considerations: Not available.
Created: 10/09/2005 06:32 PM
Last Updated: 05/21/2013 12:00 PM
The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we
assume no liability resulting from its use. Users should make their own investigations to determine the suitability of the
information for their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any
third party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even
if ScienceLab.com has been advised of the possibility of such damages.
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Material Safety Data Sheet
Water MSDS
Section 1: Chemical Product and Company Identification
Product Name: Water

Contact Information:
Sciencelab.com, Inc.
14025 Smith Rd.
Houston, Texas 77396

Catalog Codes: SLW1063
CAS#: 7732-18-5

US Sales: 1-800-901-7247
International Sales: 1-281-441-4400

RTECS: ZC0110000
TSCA: TSCA 8(b) inventory: Water

Order Online: ScienceLab.com

CI#: Not available.
Synonym: Dihydrogen oxide

CHEMTREC (24HR Emergency Telephone), call:
1-800-424-9300

Chemical Name: Water

International CHEMTREC, call: 1-703-527-3887

Chemical Formula: H2O

For non-emergency assistance, call: 1-281-441-4400

Section 2: Composition and Information on Ingredients
Composition:
Name

CAS #

% by Weight

Water

7732-18-5

100

Toxicological Data on Ingredients: Not applicable.

Section 3: Hazards Identification
Potential Acute Health Effects:
Non-corrosive for skin. Non-irritant for skin. Non-sensitizer for skin. Non-permeator by skin. Non-irritating to the eyes.
Non-hazardous in case of ingestion. Non-hazardous in case of inhalation. Non-irritant for lungs. Non-sensitizer for lungs.
Non-corrosive to the eyes. Non-corrosive for lungs.
Potential Chronic Health Effects:
Non-corrosive for skin. Non-irritant for skin. Non-sensitizer for skin. Non-permeator by skin. Non-irritating to the eyes. Nonhazardous in case of ingestion. Non-hazardous in case of inhalation. Non-irritant for lungs. Non-sensitizer for lungs.
CARCINOGENIC EFFECTS: Not available. MUTAGENIC EFFECTS: Not available. TERATOGENIC EFFECTS: Not available.
DEVELOPMENTAL TOXICITY: Not available.

Section 4: First Aid Measures
Eye Contact: Not applicable.
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Skin Contact: Not applicable.
Serious Skin Contact: Not available.
Inhalation: Not applicable.
Serious Inhalation: Not available.
Ingestion: Not Applicable
Serious Ingestion: Not available.

Section 5: Fire and Explosion Data
Flammability of the Product: Non-flammable.
Auto-Ignition Temperature: Not applicable.
Flash Points: Not applicable.
Flammable Limits: Not applicable.
Products of Combustion: Not available.
Fire Hazards in Presence of Various Substances: Not applicable.
Explosion Hazards in Presence of Various Substances: Not Applicable
Fire Fighting Media and Instructions: Not applicable.
Special Remarks on Fire Hazards: Not available.
Special Remarks on Explosion Hazards: Not available.

Section 6: Accidental Release Measures
Small Spill: Mop up, or absorb with an inert dry material and place in an appropriate waste disposal container.
Large Spill: Absorb with an inert material and put the spilled material in an appropriate waste disposal.

Section 7: Handling and Storage
Precautions: No specific safety phrase has been found applicable for this product.
Storage: Not applicable.

Section 8: Exposure Controls/Personal Protection
Engineering Controls: Not Applicable
Personal Protection: Safety glasses. Lab coat.
Personal Protection in Case of a Large Spill: Not Applicable
Exposure Limits: Not available.

Section 9: Physical and Chemical Properties
Physical state and appearance: Liquid.
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Odor: Odorless.
Taste: Not available.
Molecular Weight: 18.02 g/mole
Color: Colorless.
pH (1% soln/water): 7 [Neutral.]
Boiling Point: 100°C (212°F)
Melting Point: Not available.
Critical Temperature: Not available.
Specific Gravity: 1 (Water = 1)
Vapor Pressure: 2.3 kPa (@ 20°C)
Vapor Density: 0.62 (Air = 1)
Volatility: Not available.
Odor Threshold: Not available.
Water/Oil Dist. Coeff.: Not available.
Ionicity (in Water): Not available.
Dispersion Properties: Not applicable
Solubility: Not Applicable

Section 10: Stability and Reactivity Data
Stability: The product is stable.
Instability Temperature: Not available.
Conditions of Instability: Not available.
Incompatibility with various substances: Not available.
Corrosivity: Not available.
Special Remarks on Reactivity: Not available.
Special Remarks on Corrosivity: Not available.
Polymerization: Will not occur.

Section 11: Toxicological Information
Routes of Entry: Absorbed through skin. Eye contact.
Toxicity to Animals:
LD50: [Rat] - Route: oral; Dose: > 90 ml/kg LC50: Not available.
Chronic Effects on Humans: Not available.
Other Toxic Effects on Humans:
Non-corrosive for skin. Non-irritant for skin. Non-sensitizer for skin. Non-permeator by skin. Non-hazardous in case of
ingestion. Non-hazardous in case of inhalation. Non-irritant for lungs. Non-sensitizer for lungs. Non-corrosive to the eyes. Noncorrosive for lungs.
Special Remarks on Toxicity to Animals: Not available.
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Special Remarks on Chronic Effects on Humans: Not available.
Special Remarks on other Toxic Effects on Humans: Not available.

Section 12: Ecological Information
Ecotoxicity: Not available.
BOD5 and COD: Not available.
Products of Biodegradation:
Possibly hazardous short term degradation products are not likely. However, long term degradation products may arise.
Toxicity of the Products of Biodegradation: The product itself and its products of degradation are not toxic.
Special Remarks on the Products of Biodegradation: Not available.

Section 13: Disposal Considerations
Waste Disposal:
Waste must be disposed of in accordance with federal, state and local environmental control regulations.

Section 14: Transport Information
DOT Classification: Not a DOT controlled material (United States).
Identification: Not applicable.
Special Provisions for Transport: Not applicable.

Section 15: Other Regulatory Information
Federal and State Regulations: TSCA 8(b) inventory: Water
Other Regulations: EINECS: This product is on the European Inventory of Existing Commercial Chemical Substances.
Other Classifications:
WHMIS (Canada): Not controlled under WHMIS (Canada).
DSCL (EEC):
This product is not classified according to the EU regulations. Not applicable.
HMIS (U.S.A.):
Health Hazard: 0
Fire Hazard: 0
Reactivity: 0
Personal Protection: a
National Fire Protection Association (U.S.A.):
Health: 0
Flammability: 0
Reactivity: 0
Specific hazard:
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Protective Equipment:
Not applicable. Lab coat. Not applicable. Safety glasses.

Section 16: Other Information
References: Not available.
Other Special Considerations: Not available.
Created: 10/10/2005 08:33 PM
Last Updated: 05/21/2013 12:00 PM
The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we
assume no liability resulting from its use. Users should make their own investigations to determine the suitability of the
information for their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any
third party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even
if ScienceLab.com has been advised of the possibility of such damages.
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Material Safety Data Sheet
Yeast extract MSDS
Section 1: Chemical Product and Company Identification
Product Name: Yeast extract

Contact Information:
Sciencelab.com, Inc.
14025 Smith Rd.
Houston, Texas 77396

Catalog Codes: SLY1108
CAS#: 8013-01-2

US Sales: 1-800-901-7247
International Sales: 1-281-441-4400

RTECS: ZF6610000
TSCA: TSCA 8(b) inventory: Yeast extract

Order Online: ScienceLab.com

CI#: Not available.
Synonym:

CHEMTREC (24HR Emergency Telephone), call:
1-800-424-9300

Chemical Name: Not available.

International CHEMTREC, call: 1-703-527-3887

Chemical Formula: Not available.

For non-emergency assistance, call: 1-281-441-4400

Section 2: Composition and Information on Ingredients
Composition:
Name

CAS #

% by Weight

Yeast extract

8013-01-2

100

Toxicological Data on Ingredients: Not applicable.

Section 3: Hazards Identification
Potential Acute Health Effects: Slightly hazardous in case of skin contact (irritant), of eye contact (irritant), of ingestion,
of inhalation.
Potential Chronic Health Effects:
Slightly hazardous in case of skin contact (irritant), of eye contact (irritant), of ingestion, of inhalation. CARCINOGENIC
EFFECTS: Not available. MUTAGENIC EFFECTS: Not available. TERATOGENIC EFFECTS: Not available.
DEVELOPMENTAL TOXICITY: Not available.

Section 4: First Aid Measures
Eye Contact: Immediately flush eyes with running water for at least 15 minutes, keeping eyelids open. Cold water may
be used.
Skin Contact:
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After contact with skin, wash immediately with plenty of water. Gently and thoroughly wash the contaminated skin with running
water and non-abrasive soap. Be particularly careful to clean folds, crevices, creases and groin. Cold water may be used.
Cover the irritated skin with an emollient. If irritation persists, seek medical attention. Wash contaminated clothing before
reusing.
Serious Skin Contact: Not available.
Inhalation: Allow the victim to rest in a well ventilated area. Seek immediate medical attention.
Serious Inhalation: Not available.
Ingestion:
Do not induce vomiting. Loosen tight clothing such as a collar, tie, belt or waistband. If the victim is not breathing, perform
mouth-to-mouth resuscitation. Seek immediate medical attention.
Serious Ingestion: Not available.

Section 5: Fire and Explosion Data
Flammability of the Product: May be combustible at high temperature.
Auto-Ignition Temperature: Not available.
Flash Points: Not available.
Flammable Limits: Not available.
Products of Combustion: Not available.
Fire Hazards in Presence of Various Substances: Not available.
Explosion Hazards in Presence of Various Substances:
Risks of explosion of the product in presence of mechanical impact: Not available. Risks of explosion of the product in
presence of static discharge: Not available.
Fire Fighting Media and Instructions:
SMALL FIRE: Use DRY chemical powder. LARGE FIRE: Use water spray, fog or foam. Do not use water jet.
Special Remarks on Fire Hazards: Not available.
Special Remarks on Explosion Hazards: Not available.

Section 6: Accidental Release Measures
Small Spill:
Use appropriate tools to put the spilled solid in a convenient waste disposal container. Finish cleaning by spreading water on
the contaminated surface and dispose of according to local and regional authority requirements.
Large Spill:
Use a shovel to put the material into a convenient waste disposal container. Finish cleaning by spreading water on
the contaminated surface and allow to evacuate through the sanitary system.

Section 7: Handling and Storage
Precautions:
Keep away from heat. Keep away from sources of ignition. Empty containers pose a fire risk, evaporate the residue under
a fume hood. Ground all equipment containing material. Do not breathe dust.
Storage:
Keep container dry. Keep in a cool place. Ground all equipment containing material. Keep container tightly closed. Keep in a
cool, well-ventilated place. Combustible materials should be stored away from extreme heat and away from strong oxidizing
agents.

p. 2

Section 8: Exposure Controls/Personal Protection
Engineering Controls:
Use process enclosures, local exhaust ventilation, or other engineering controls to keep airborne levels below
recommended exposure limits. If user operations generate dust, fume or mist, use ventilation to keep exposure to airborne
contaminants below the exposure limit.
Personal Protection: Safety glasses. Lab coat. Dust respirator. Be sure to use an approved/certified respirator or equivalent.
Gloves.
Personal Protection in Case of a Large Spill:
Splash goggles. Full suit. Dust respirator. Boots. Gloves. A self contained breathing apparatus should be used to avoid
inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling this
product.
Exposure Limits: Not available.

Section 9: Physical and Chemical Properties
Physical state and appearance: Solid. (Granular solid.)
Odor: Characteristic.
Taste: Not available.
Molecular Weight: Not available.
Color: Yellowish.
pH (1% soln/water): Not available.
Boiling Point: Not available.
Melting Point: Decomposes.
Critical Temperature: Not available.
Specific Gravity: Not available.
Vapor Pressure: Not applicable.
Vapor Density: Not available.
Volatility: Not available.
Odor Threshold: Not available.
Water/Oil Dist. Coeff.: Not available.
Ionicity (in Water): Not available.
Dispersion Properties: See solubility in water.
Solubility: Easily soluble in cold water.

Section 10: Stability and Reactivity Data
Stability: The product is stable.
Instability Temperature: Not available.
Conditions of Instability: Not available.
Incompatibility with various substances: Not available.
Corrosivity: Non-corrosive in presence of glass.
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Special Remarks on Reactivity: Not available.
Special Remarks on Corrosivity: Not available.
Polymerization: No.

Section 11: Toxicological Information
Routes of Entry: Not available.
Toxicity to Animals:
LD50: Not available. LC50: Not available.
Chronic Effects on Humans: Not available.
Other Toxic Effects on Humans: Slightly hazardous in case of skin contact (irritant), of ingestion, of inhalation.
Special Remarks on Toxicity to Animals: Not available.
Special Remarks on Chronic Effects on Humans: Not available.
Special Remarks on other Toxic Effects on Humans: Nuisance dust.

Section 12: Ecological Information
Ecotoxicity: Not available.
BOD5 and COD: Not available.
Products of Biodegradation:
Possibly hazardous short term degradation products are not likely. However, long term degradation products may arise.
Toxicity of the Products of Biodegradation: The products of degradation are more toxic.
Special Remarks on the Products of Biodegradation: Not available.

Section 13: Disposal Considerations
Waste Disposal:

Section 14: Transport Information
DOT Classification: Not a DOT controlled material (United States).
Identification: Not applicable.
Special Provisions for Transport: Not applicable.

Section 15: Other Regulatory Information
Federal and State Regulations: TSCA 8(b) inventory: Yeast extract
Other Regulations: Not available..
Other Classifications:
WHMIS (Canada): Not controlled under WHMIS (Canada).
DSCL (EEC):
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This product is not classified according to the EU regulations.
HMIS (U.S.A.):
Health Hazard: 1
Fire Hazard: 1
Reactivity: 0
Personal Protection: E
National Fire Protection Association (U.S.A.):
Health: 1
Flammability: 1
Reactivity: 0
Specific hazard:
Protective Equipment:
Gloves. Lab coat. Dust respirator. Be sure to use an approved/certified respirator or equivalent. Safety glasses.

Section 16: Other Information
References: Not available.
Other Special Considerations: Not available.
Created: 10/10/2005 08:33 PM
Last Updated: 05/21/2013 12:00 PM
The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we
assume no liability resulting from its use. Users should make their own investigations to determine the suitability of the
information for their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any
third party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even
if ScienceLab.com has been advised of the possibility of such damages.
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Engineering Controls/Ventilation: Local exhaust ventilation recommended to maintain air concentrations below
established limits.
9. Physical and Chemical Properties
Solubility in Water: Complete
Specific Gravity: Approximately 1.27
Physical State/Appearance/Odor: Clear, light straw liquid. Slight chemical odor.
pH: (1% solution) Approximately 12.3 – 12.8
pH : (concentrate) > 13
Odor Threshold, Vapor Pressure, Vapor Density, Evaporation Rate, Boiling Point and Freezing Point:
ND Coefficient of Water/Oil Distribution: NA

SAFETY DATA SHEET
1. Identification of the Substance and Company

CIP 100
Alkaline Process and Research Cleaner

Product No. 1D10
MSDS No. 1D10
Prepared by: M. Ebers
asksteris_msds@steris.com
Date Created: December 1, 2001

Date Revised: May 4, 2010

NFPA 704 HAZARD RATING:
HEALTH:
3
FIRE:
0
REACTIVITY:
1

10. Stability and Reactivity
Stability: Stable
Hazardous Polymerization: Will not occur.
Incompatible Materials: Acids, soft metals, oxidizers, organic halogen compounds.
Conditions to Avoid/Conditions of Reactivity: None known. Hazardous Decomposition or Byproducts: CO, CO2

Date Reviewed: NA

11. Toxicological Information
11.1 Acute (Primary Routes of Exposure)
Eyes (Irritancy): Corrosive. Causes burns. Mists of use dilution cause irritation.
Skin (Irritancy or Sensitization): May cause severe irritation or burns.
Inhalation: Mists extremely irritating to mucous membranes, upper respiratory tract.
Ingestion: Corrosive to mouth, throat and stomach. Oral LD50 (rat) = 860 mg/kg.
11.2 Long Term Exposure: None known.
Carcinogenicity: IARC, NTP and OSHA do not list this product or its ingredients as carcinogens.
Reproductive Toxicity/Teratogenicity/Mutagenicity/Toxicologically Synergistic Products: ND

STERIS Corporation, P. O. Box 147, St. Louis, MO 63166, US
Emergency Telephone No.1-314-535-1395 (STERIS); 1-800-424-9300 (CHEMTREC) Telephone
Number for Information: 1-800-444-9009 (Customer Service-Scientific Products)

STERIS Limited, STERIS House, Jays Close, Viables, Basingstoke, Hampshire, RG22 4AX, UK
Emergency Phone No: +44 (0) 1895 622639 Product/Technical Information Phone No: +44 (0) 1256 840400
2. Hazards Identification: Corrosive to eyes, skin, mouth throat and stomach. Spray mists are extremely
irritating to mucous membranes and upper respiratory tract.
3. Composition/Information on Ingredients
Hazardous
Component(s)

% By
Wt.

CAS No.

EU No.

Symbol

R
Phrases

Oral LD50

LC50

Potassium
Hydroxide

10 - 30

1310-58-3

215-181-3

C

R35

365 mg/kg
(rat)

ND

Tetrasodium
EDTA

1-5

64-02-8

200-573-9

[Xi]

[R36/38]

>2000mg/kg
(rat)

ND

4. First Aid Measures
Eye Contact: Flush eyes immediately with water for at least 15 minutes. Get medical attention.
Skin Contact: Flush skin immediately with plenty of water for at least 15 minutes. Get medical attention.
Inhalation: Remove patient to fresh air. If not breathing, give artificial respiration. Get medical attention.
Ingestion: Do not induce vomiting. Get medical attention. Do not give anything by mouth to an unconscious
person. If conscious, drink large quantity of milk or water.
5. Fire-Fighting Measures
Conditions of Flammability/Flash Point/Auto-ignition Temperature: Not flammable.
Upper Flammable Limit: NA
Lower Flammable Limit: NA
Special Hazards: Can react with soft metals to evolve flammable hydrogen gas.
Explodability Data: ND
Extinguishing Media: Use media appropriate for the primary source of fire.
Special Fire Fighting Procedures: None known.

Hazard Combustion Products: CO, CO2

6. Accidental Release Measures: Ensure suitable personal protection during removal of spillages. Spills should
be contained and may be cautiously neutralized with a weak acid solution, or absorbed on appropriate material
and placed in a container for disposal. Wash contaminated areas with large quantities of water to a sanitary
sewer. Washings should be prevented from entering surface water/storm drains. Local regulations should be
observed.
7. Handling and Storage 7.1 Handling: For industrial use only. Read label before use. Avoid all contact with
skin, eyes and mouth. Wear appropriate protective clothing [See Section 8.2]. Wash hands and exposed skin
thoroughly after use. Launder contaminated clothing before reuse.
7.2 Storage: Keep in original container. Keep out of reach of children.
8. Exposure Control/Personal Protection
8.1 Occupational Exposure Limits: Potassium hydroxide: ACGIH TLV = 2 mg/m 3 (ceiling); UK HSE EH40
STEL = 2 mg/m3
8.2 Personal Protection: Respirator Protection: Where engineering controls are impractical, use
NIOSH-approved respirator appropriate for conditions.
Eye Protection: Chemical splash goggles and face shield.
Protective Gloves: Rubber.
Other Protective Clothing and Equipment: Rubber apron and rubber boots.

12. Ecological Information: Aquatic Toxicity: LC50 (10% Solution)(Pimephales promelas) > 750 mg/L
The surfactant contained in this preparation complies with the biodegradability criteria as laid down in Regulation (EC) No.
648/2004 on detergents. Data to support this assertion are held at the disposal of the competent authorities of the Member
States and will be made available to them, at their direct request or at the request of a detergent manufacturer.

13. Disposal Considerations:Do not contaminate ponds, waterways, or ditches with chemical or used containers.
Empty containers should be rinsed thoroughly and discarded in an appropriate waste container. [Containers may be
offered for reconditioning/recycling.] Empty containers should not be used for other purposes. Unused material may be
a hazardous waste due to its high pH and subsequent corrosivity. Disposal of unwanted product should be done in
accordance with local, state or national legislation. Product may be flushed to a sanitary sewer with copious amounts
of water, if in accordance with state, local and federal regulations. For additional guidance, contact the State Water
Board or the Regional Office of the EPA.
14. Transport Information: Ground: Potassium Hydroxide Solution, 8, Corrosive, UN 1814, PG II
Road/Rail: ADR/RID Class: UN 1814, Potassium Hydroxide Solution, 8, 42(b) ADR Sea:
IMDG Class: Potassium Hydroxide Solution, 8, Corrosive, UN 1814, PG II

Air: ICAO/IATA Class: Potassium Hydroxide Solution, 8, Corrosive, UN 1814, PG II ; (4 x 1 gal. package
not approved for air shipment)
15. Regulatory Information
EU Regulations: This preparation is classified as dangerous as defined by the UK Chemicals (Hazard Information
and Packaging for Supply) Regulations. These regulations implement a number of EC Directives including the
Dangerous Substances Directive (67/548/EEC and amendments), the Dangerous Preparations Directive
(1999/45/EEC and amendments) and the Safety Data Sheets Directive (91/155/EEC and amendment).
EEC Classification: CORROSIVE, HARMFUL
Hazard Symbol: C, Xn
Risk Phrases: R35: Causes severe burns, R22: Harmful if swallowed
Safety Phrases: S2: Keep out of reach of children. S24/25: Avoid contact with eyes and skin. S26: In case of contact
with eyes, rinse immediately with plenty of water and seek medical advice, S36/37/39: Wear suitable protective clothing,
gloves and full eye/face protection, S45: In case of accident or if you feel unwell, seek medical advice immediately
(show the label where possible).
WHMIS Classification: E – Corrosive Material
This product has been classified in accordance with the hazard criteria of the Controlled Products Regulations and
the MSDS contains all of the information required by the Controlled Products Regulation.
16. Other Information: The information on this sheet is not a specification and does not guarantee specific properties.
The information is intended to provide general knowledge as to health and safety based upon our knowledge of the
handling, storage and use of the product. It is not applicable to unusual or non-standard uses of the product or where
instruction or recommendations are not followed.
NA - Not Applicable

ND - No Data

“NEVER LEAVE THAT TILL TOMORROW WHICH YOU CAN DO TODAY.”

-BENJAMIN FRANKLIN

